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PRESIDENTIAL ADDRESS 
BEATING THE RED QUEEN 


?Quam celeriter vadimus? 


PERCIVAL ROBERTSON 
President, Illinois State Academy of Science 


Those who have read the Wonder- 
land adventures of Alice late enough 
in life to have really enjoyed them 
will recall that somewhere in that 
absurd land behind the looking glass 
this ‘‘Faney’s child’’ found herself 
in a garden that was divided into 
squares like a chess board. Here she 
met the Red Queen, who explained 
to her that although she was only 
a pawn at the time, Alice might be- 


come a queen at the eighth square. 

Just at this moment, somehow or 
other, they began to run... the Queen 
went so fast that it was all she could 
edo to keep up with her: and still the 
Queen kept crying, “Faster! Faster!” 

The most curious part of the thing 
was that the trees and other things 
around them never changed their places 
at all: however fast they went, they 
never seemed to pass anything .. . and 
still the Queen cried, “Faster! Faster!” 
and dragged her along .. . they seemed 
to skim through the air, hardly touch- 
ing the ground . . . just as Alice was 
getting quite exhausted they stopped. 
. . . Alice looked round her in great 
surprise. “Why, I do believe we’ve been 
under this tree the whole time! Every- 
thing is just as it was!” 

“Of course it is,” said the Queen: 
“what would you have it?” 

“Well, in our country,” said Alice, 
still panting a little, “you’d generally 
get to somewhere else—if you ran fast 
for a long time as we’ve been doing.” 

“A slow sort of country!” said the 
Queen. “Now, here, you see, it takes 
all the running you can do, to keep in 
the same place. If you want to get 
somewhere else, you must run at least 
twice as fast as that!” 


Usually Lewis Carroll appeals to 
scientists because behind all his non- 


sense one discovers the clear, sci- 
entific thought of the mathematician, 
Charles L. Dodgson. The question 
raised today is this: for all the 
break-neck pace brought about in 
considerable part by the application 
of science to our physical environ- 
ment, are we as educators in science 
beating the Red Queen of material 
scientific progress, or do we, as did 
Alice, after all our strenuous en- 
deavors, find ourselves under the 
same tree, with the voice of the Red 
Queen taunting, ‘‘If you want to 
get somewhere else, you must run 
at least twice as fast as that’’? 

For all whose Latin is as rusty as 
mine, ?Quam celeriter vadimus? 
may be translated, How fast are we 
going? 

The problem reduces to this: while 
scientific discoveries seem to be 
whirling us ever faster and faster, 
are we educators in science keeping 
our teaching ahead of the discover- 
ies in natural science? There seems 
to be a tendency sometimes to infer 
that the function of science is mere- 
ly to discover new facts. Some would 
add that it is the function of science 
to apply those discoveries. But sci- 
entific education has a more impor- 
tant task, and it will miss its greatest 
opportunity if it does not develop 
its potential ability to educate youth 
to live in the changing world that 
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scientific discoveries are bringing 
about. It is a prodigious challenge. 

It is not implied that it is the sole 
responsibility of scientific education 
to teach young people to adjust 
themselves to change in environ- 
ment. All branches of education have 
their individual functions. But let 
us consider at the moment three op- 
portunities of educators in science. 

1. To teach the scientific factors 
connected with current events. 

2. To develop better internation- 
al understanding and, indirectly, 
better international cooperation 
through science. 

3. To stress the importance of 
the scientific method and demon- 
strate its capabilities. 


ScIENCE AND CURRENT EVENTS 


One simple and direct contribu- 
tion practically all branches of sci- 
ence can make to education is to 
supply accurate and pertinent in- 
formation regarding the scientific 
facts that lie behind current events. 
Failure to supply this information 
leads to the unfortunate view held 
by some students that the sciences 
are quite detached from ordinary 
human affairs. It seems to me we 
miss a valuable opportunity when 
we fail to supply scientific back- 
ground for current events. A simple 
illustration will show how one sci- 
ence can contribute to such an 
understanding. 

A beginning student in geology 
learns to recognize a few minerals 
and rocks; among these are the iron 
ore minerals and the sedimentary 
rock, coal. It does not detract from 
the basic purpose of geology, but 
makes the subject more vital to stu- 
dents, to discuss, though necessarily 


briefly, the distribution of iron ores 
and coal and their mutual effect on 
industrial developments, particular- 
ly in America and Europe, but also 
in critical parts of the Orient and 
elsewhere. Comprehension that Eng- 
land is having to use far thinner 
coal seams than we in the United 
States would consider using at the 
present time helps the student to 
understand that Britain’s fuel prob- 
lem is not based purely on the rel- 
ative merits of private enterprise 
and government ownership, but on 
something more fundamental. The 
relative distribution of coal and iron 
in the Saar and Ruhr valleys and 
ir the Lorraine hills provides a stu- 
dent with some comprehension of 
the fact that the Schuman Plan is 
not just a political maneuver, but 
that there are basic geological facts 
that lie back of the economic situa- 
tion. These are very simple illustra, 
tions, but many elementary students 
are ignorant of the basic scientific 
facts mentioned, and they seem to 
have a feeling that coal problems in 
Britain, the Schuman Plan, and so 
forth, are purely political or eco- 
nomic questions. 


SCIENCE AND INTERNATIONAL 
UNDERSTANDING 


Possibly the most important single 
contribution that education can 
make to improve the present chaotic 
condition in the world is in teaching 
man to understand his brother man. 
If men all over the world under- 
stood more clearly why other peoples 
do things differently, we would be 
less likely to make the stupid mis- 
takes we frequently make. We would 
know more clearly who real friends 
are, and we would be far less likely 
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to offend as the result of misunder- 
standing. And scientific education 
can help us to understand our world 
neighbors. 

A friendly article by Bruce 
Hutchison’, in a recent popular peri- 
odieal, gives a frank and kindly eriti- 
cism of one of America’s faults. He 
says, ‘That is the first trouble with 
you Yanks. You don’t understand 
anybody. Not even your closest 
friend.’’ He is too courteous to add, 
‘‘Some of you don’t seem to realize 
that there is any need of under- 
standing anyone else.”’ 

Geography, that hybrid science 
resulting from the mating of physi- 
cal and social science, is one of those 
subjects which has great opportuni- 
ties to teach us to understand our 
neighbors abroad. It was my im- 
pression that the war had taught 
us that the American public needed 
to understand geography better, and 


I confidently looked for considerable 


upsurgence in that field, but any 
movement in that direction seems 
to have languished. Perhaps more 
is being done than I know—I believe 
more should be done. 


This great country has quite un- 
expectedly found itself in the role 
of the leading nation in the world. 
If its citizens are to act intelligently 
in international affairs, they must 
understand why people act and think 
the way they do. Modern geography 
attempts to analyze physical envi- 
ronment and human response to that 
environment. Through this analysis 
one begins to comprehend why peo- 
ple live as they do. Many Americans 
seem to assume that if only other 
peoples would do as we do, their 


‘Hutchinson, Bruce, “The trouble with you 
Yanks is,” Saturday Evening Post, December 9, 
1950, Condensed in Readers’ Digest, March, 1951. 


economic problems would be solved. 
Sometimes copying American meth- 
ods might bring improved condi- 
tions; sometimes it would bring 
ruin. Only when we understand 
others can we explain America’s 
aims to them in a way they will be 
able to comprehend. 


Dr. Charles Malik,? Minister of 
the Republic of Lebanon to the 
United States, made some most en- 
lightening statements regarding sci- 
ence recently. 


Asia has not sufficiently bothered to 
understand and control nature. The 
forces of nature remain, for the most 
part, mysterious and unknown 
Now the mind, by the very act of piere- 
ing the structure and behavior of the 
material universe, places itself above 
that universe. But when the mind, for 
whatever reason, abdicates in advance 
this its birthright, namely the power 
to analyze, understand, control and 
utilize all natural phenomena, then it 
will tend to revere nature as something 
above it. There is more essential fear 
of nature throughout Asia than there 
ought to be, and one major task of the 
present phase of history is to liberate 
Asia completély from this fear. This 
can only be done by the intensive cul- 
tivation of science, and of that curious 
ancient Greek invention which we know 
today by the name of “theory”. ... Asia 
can attain power, dignity and abundance 
only if science and theory are enthroned 
at the heart of her intellectual life. 


If only we can help our students 
to understand the real reason others 
behave differently from us, we can 
begin to develop in them a more 
tolerant view of others. And even 
more than tolerance, a word which 
sometimes, albeit incorrectly, seems 
to imply that one grants another the 
right to his opinion even if it is 
wrong, even more than this sort of 


- tolerance, we need to and can de- 


velop in students a cultivated sym- 


? Malik, Charles, The problems of Asia, A speech 
delivered before the Political Committee of the 
General Assembly of the United Nations on De- 
cember 11, 1950. 
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pathetic appreciation of the views 
and ways of others, and we can do it 
by appropriate use of scientific edu- 
cation. 

Although the science of geography 
has great opportunities to teach in- 
ternational understanding, all fields 
of science provide opportunities. The 
very international nature of science, 
which recognizes of itself no na- 
tional boundaries, can be used to 
illustrate the naturalness of inter- 
national understanding, when placed 
on a proper basis. 


Edmund W. Sinnot*, in his ad- 
dress as retiring president of the 
American Association for the Ad- 
vancement of Science, said, ‘‘ Let us 
help develop the brotherhood of man 
through the brotherhood of science.’’ 


THE IMPORTANCE OF THE 
ScreNtTIFIC METHOD 


But there is another phase of sci- 
ence teaching that to me seems more 
important than providing the sci- 
entific explanation of phenomena 
connected with current events. It is 
not more important than learning to 
understand our neighbors, but it is 
fundamental to that understanding. 
It is the teaching of science itself, 
not scientific subjects, but science— 
the scientific method of thinking. 


John Dewey‘ once wrote: 


Science has been taught too much 
as an accumulation of ready-made ma- 
terial with which students are to be 
made familiar, not enough as a method 
of thinking, an attitude of mind, after 
the pattern of which mental habits are 
to be transformed .. . an effective meth- 
od of inquiry into any subject matter. 

Mankind so far has been ruled by 
things and by words, not by thoughts. 





*Sinnot, Edmund W., Ten million scientists, 
Science, n.s., Vol. 111, p. 123, February 10, 1950. 

* Dewey, John, Science as subject-matter and as 
method, Science, n.s., Vol. 31, p. 121, January 
23, 1910. 


One of the only two articles that re- 
main in my creed of life is that the 
future of our civilization depends upon 
the widening spread and deepening hold 
of the scientific habit of mind, and that 
the problem of problems in our educa- 
tion is therefore to discuss how to 
mature and make effective this scien- 
tific habit. 

Scientific method is not just a method 
which has been found profitable to pur- 
sue in this or that abstruse subject. 
. . . It represents the only method of 
thinking that has proved fruitful in 
any subject. 

Science has as yet had next to noth- 
ing to do with forming the social and 
moral ideals for the sake of which she 
is used. . when our schools truly 
become laboratories of knowledge-mak- 
ing ... there will be no need to discuss 
the place of science in education. 


When we consider that these chal- 
lenging words were sounded by one 
of America’s prominent educators 
forty years ago, and we look on the 
tremendous developments in the ap- 
plication of the scientific method 
to certain problems in the material 
sphere, we may appropriately ask, 
from an educational standpoint, Are,» 
we “‘beating the Red Queen’’ of ma- 
terial scientific progress? Is scien- 
tific education keeping ahead of sci- 
entific application? ‘‘How fast are 
we going?”’ 

What is this powerful scientific 
method? A complete answer to that 
question is neither desirable nor pos- 
sible at this point, but a few remarks 
may be appropriate. In the first 
place, science assumes that, even in 
the face of conflicting superficial 
evidence, there is fundamental dis- 
coverable order. When as the result 
of search, observation, controlled ex- 
periment, research, such order is 
discovered, it is called natural law 
because it is both natural and 
orderly. 


But thoughtful man is never quite 
content to know that something is 
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so. He must know why it is so. The 
question ‘‘Why?’’ which is the 
youngster’s touchstone to a compre- 
hension of the world about him, 
which becomes a weapon with which 
he may at times confound both his 
parents and teachers, but which he 
learns, alas, may be turned against 
him by some cruel teachers and par- 
ents who demand to know why he 
did certain things; that same ques- 
tion, Why? does survive even the 
sometimes torturous experience of 
elementary education, and in the 
thoughts of some it becomes a domi- 
nant part of the scientific method. 
The attempt to answer the ques- 
tion, Why? begins with speculations. 
Speculation over a problem leads to 
considering tentative or working hy- 
potheses which may develop into 
broad theories or eventually into 
what James Conant calls ‘‘new con- 
ceptual schemes.’’ These hypotheses 
and what grows out of them haye to 
be checked constantly, and it is the 
habit of constant checking of tenta- 
tive explanations that differentiates 
the true scientific thinker from 
others who may be brilliant thinkers 
but who are still not scientific think- 
ers. Those untrained in scientific 
thinking are likely to grasp a new 
idea and think of necessity it must 
be true, especially if it explains. To 
the scientist, explanation is insuffi- 
cient; it must be right explanation. 
And there the difference lies. 
Here is one of the places where it 
seems to me those engaged in teach- 
ing science have a real opportunity ! 
If we can only inculeate in students 
the sense of the desirability and re- 
liability of this method of thinking 
until they begin to use it naturally, 
they are not so likely to be misled 
by fallacious ‘theories or doctrines. 


Marxism as practiced today is un- 
doubtedly a theory designed to cor- 
rect certain human wrongs, but it is 
not a right theory, as careful an- 
alysis shows. 

How are scientific theories to be 
tested? This poses an iyteresting 
question, often answered, although 
it seems to me rarely answered ade- 
quately. The answer frequently 
given is that theories are tested and 
proved by demonstration. But we 
all know the frequent unreliability 
of human observations. They are 
subject to mistakes and misinterpre- 
tations, instances of which ean be 
cited by any thoughtful scientist. 
Repeated demonstration is likely to 
be surer, but is not completely free 
from any of these snares. 

Another answer to the question: 
How are theories checked or proved ? 
is, By reason. This is a good answer, 
too. But reason, logical proof, is 
subject to fallacy, and although 
many fallacies can be easily detected, 
some are subtle and stubborn things, 
and any student of the history of 
science can point to fallacious ex- 
planations that were long accepted 
as true. 

To me, a better answer to this 
question is: By both observation and 
reason. When these agree we can 
accept the explanation or theory 
with considerable surety. 


DiGgRESSION—A PROBLEM 
CONNECTED WITH SociaAL SCIENCE 


The scientific method has been 
very successful in dealing with 
problems concerned with inanimate 
things and extraordinarily precise 
mathematical statements of law have 
been discovered, but when the meth- 
od has been applied to living organ- 
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isms and more particularly to human 
problems as in the social sciences it 
has proved more difficult to discover 
precise mathematical formulae. 
Some, who have agreed with Kant’s® 
reported definition, ‘‘Science in the 
highest sense of that word .. . is 
a knowlédge of nature reduced to 
mathematical mechanism,’’ have 
been critical of results that could 
not be reduced to such a form. 


To such critics one might admon- 
ish patience. Some problems being 
studied by social scientists and 
others are most complex. I have 
been impressed with the fact that 
arrival at precise mathematical for- 
mulae takes time for repeated check- 
ing and refinement. Boyle discov- 
ered the relationship between gas 
volume and pressure in 1660. More 
than a century elapsed before 
Charles in 1787 and Gay Lussac, 
almost simultaneously, discovered 
that temperature has an effect on 
volume of gases, and combined this 
and the previous statements into 
what every freshman in chemistry 
and physics knows as the General 
Gas Law. But this law recognizes 
only two factors that produce 
changes in the volume of gas and 
they both are of relatively great 
order of magnitude.’ Although Ber- 
noulli had presented a clear work- 
able kinetic molecular theory of 
gases as early as 1738, it was 1873 
before Vau der Waal modified the 
Gas Law to include two other factors 
affecting the volume of a gas, factors 
that were clearly implied by the 
kinetic theory. It took over two 
centuries to develop a reasonably 
precise mathematical equation that 


5 Little, Arthur Dehon, ‘“‘Untilled field of chem- 
istry,” Science, n.s., Vol. 29, p. 719-23, May 7, 
1909. 


included four important factors af- 
fecting gas volumes. This is the law 
that bears Van der Waal’s name. 
The effects on gas volumes of these 
four factors have greatly differing 
orders of magnitude. I believe there 
have been approximately five sig- 
nificant refinements of Van der 
Waal’s equation suggested in the 
past three-quarters of a century. 
When we consider the time it has 
taken to derive a precise mathemati- 
cal statement of law in a relatively 
simple situation, with only a few 
factors whose observable results were 
of considerably different orders of 
magnitude, we can afford to be pa- 
tient with present approximate re- 
sults in fields where the factors 
affecting the situations are numer- 
ous and apparently of similar order 
of magnitude. It is necessary to con- 
sider the effect of one or two impor- 


tant factors at first and then study , 


the effects of others. As long as re- 


sults are being checked against ever * 


more carefully controlled experi- 
mentation and refined logical rea- 
soning, we may confidently expect 
ever more precise and inclusive state- 
ments of law in fields where only 
approximations are found today. 
That the social scientists are well 
aware of their own difficulties was 
evidenced at the conference at 
Princeton a year ago.° 


THe Screntiric MetHop AGAIN 


But there is another phase of the 
scientific method that should be con- 
sidered. It may be desirable to pass 
it along to students in appropriate 
fashion. I referred previously to 
the seeking for the answer to the 
question, Why? It is a fundamental 


®°“The natural sciences applied to social theory,” 
Science, n.s., Vol. 111, p. 500, May 5, 1950. 
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assumption in science that there is 
a reason for things, and that that 
reason is discoverable if sought long 
enough with sufficient diligence. If 
the question, Do things necessarily 
have a reason or cause? has any 
validity at all, the answer must be 
left to the philosophers. The scien- 
tist never considers it so far as I 
am aware. He seeks cause, and as 
surely finds it. 

We have all watched children 
stand a row of blocks on end and 
then send the whole row tumbling 
by striking the first block in the 
line; perhaps many of us have done 
it. What made the tenth block fall, 
that is, what was the immediate 
eause of its falling? Obviously the 
ninth block knocked it over. But 
we are not satisfied! What made 
the ninth block fall, and the eighth, 
and so to the first block? We say the 
child’s hand struck the first block. 
We have traced a whole series of 
effects and causes, but we aré not 
yet at a first cause. What made the 
child strike the first block? Was it 
because he was told to, and he re- 
sponded obediently? Was it because 
of a desire to see what would happen, 
and he responded to curiosity? Or 
was it an accident? Or was it be- 
cause of any one of several other 
possible reasons? 

Here we have illustrated a con- 
spicuous feature of the scientific 
method. Although we seek, and find, 
a whole series of related causes and 
results, ultimate cause seems to elude 
us. Some have gone so far as to say 
that ultimate cause is not within 
the provinee of science. It would 
be beside the point to discuss such 
a statement. It is sufficient to point 
out that ultimate cause escapes our 
present methods of study. But the 


scientific method certainly indicates 
that ultimately, step by step beyond 
immediate cause, stands ultimate 
cause. And when we recognize this 
fact we are impelled to write ULTI- 
MATE CAUSE with capital letters. 


Great numbers of natural scien- 
tists are inclined to agree with the 
truth of Lowell’s familiar lines: 


And behind the dim unknown 
Standeth God within the shadow 
Keeping watch above His own. 


Sir James Jean once wrote :’ 


From the intrinsic evidence of his 
creation, the Great Architect of the 
Universe now begins to appear as a pure 
mathematician. 


And, George T. Renner, well- 
known American geographer, said :* 


The Master Architect of the universe, 
the personification of morality, is Him- 
self a superb geographer if we may 
judge from His handiwork. 


From these and many similar quo- 
tations which could be cited, one 
might conelude that every man finds 
behind nature his own clearest con- 
cept of cause and calls it God. Per- 
haps it would be more correct to 
say that each finds as God that which 
he is most capable of recognizing as 
ultimate cause, and that Deity is 
neither the one nor the other, but 
the sum, the quintescence of all that 
humanity grasps as cause, is all this 
and infinitely more, as_ infinitely 
more as the universe exceeds human 
comprehension of it. 

A very large number of thinkers, 
probably the majority of them, 
among those that could be classified 
as religious and those that could 
not, from the time of Aristotle to 
the present have come to the same 
conclusion as the unknown author 
of that great philosophic, poetical 


UJ Jean, ‘Sir James, The mysterious universe, New 
York, The Macmillan Co., 1932, p. 144. 

8 Global geography, Thomas ¥. Crowell Co., New 
York, 1944. 
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drama, the book of Job. It will be 
recalled that after great calamities 
had fallen on Job, he had to endure 
the questionable comfort of three 
friends. After all this, Job is faced 
with stupendous questions voiced by 
the Almighty :° 

Where wast thou when I laid the 
foundations of the earth? ... 

Who laid the measures thereof, if thou 
knowest? ... 

Whereupon are the foundations there- 
of fastened? or who laid the corner- 
stone thereof; 

Canst thou bind the sweet influences 
of Pleiades or loose the bands of 
Orion? 

Canst thou bring forth Mazzaroth in 
his season? or canst thou guide 
Arcturus with his sons? 

Then Job answered the Lord, and 
said, 

I know that thou canst do every 
thing and that no thought can be 
withholden from thee. 


Thinkers, scientific thinkers, bas- 
ing their judgment on combined ob- 
servation and reason have frequently 
come to the same conclusion. 


One of the great scientists of our 
time, Charles P. Steinmetz, was once 
the house guest of Roger Babson. 
But let Mr. Babson himself recall 


the conversation :’° 

Charles P. Steinmetz, who was unani- 
mously recognized by the General Elec- 
tric Company and other great similar 
organizations as the world’s foremost 
electrical engineer, was once visiting 
my home. While talking over with him 
prospective future inventions, in con- 
nection with radio, aeronautics, power 
transmission, etc., I asked him: “What 
line of research will see the greatest 
development during the next fifty 
years?” 

After careful thought, he replied:— 
“Mr. Babson, I think the greatest dis- 
coveries will be made along spiritual 
lines. History clearly teaches that spiri- 
tual forces have been the greatest power 
in the development of men and nations. 


*Job 38:4, 5, 31, 32; 42:1, 2. 
” Roger W. Babson, A business man’s creed, 
Fleming H. Revell Co. 


Yet we have been playing with them 
merely, and have never seriously stud- 
ied them as we have the physical forces. 
Some day people will learn that material 
things do not bring happiness, and are 
of little use in making men and women 
creative and powerful. Then the sci- 
entists of the world will turn their 
laboratories over to the study of God 
and Prayer, which as yet have hardly 
been scratched. When this day comes, 
the world will see more advancement 
in one generation than it has seen in 
the past four.” 

When those who have thoroughly 
studied and applied the scientific 
method come to conclusions such as 
these, we need have no hesitancy in 
indicating the nature of their ma- 
ture judgment to young people who 
are looking for a practical guide to 
living. Lest I be misunderstood, I 
would agree with those who hold 
that the classroom is not an appro- 
priate place to discuss religious doe- 
trines. But these are not religious 
doctrines, and they do not come from 
men who are discussing religion.+ 
They are scientific conclusions ar-, 
rived at by eminently competent stu- 
dents of the scientific method. 

With the world so in need of 
some substantial foundation, can we 
fail to present to our young people 
in a serious, appropriate, and cer- 
tainly scientific way such conelu- 
sions? 

With the tremendous tempo of 
development of machines based on 
scientific discoveries are we, as edu- 
cators in science, keeping pace? Are 
we ‘beating the Red Queen?’’ Are 
we keeping scientific education 
ahead of scientific application in 
the material world, or after a mad 
prolonged dash do we find ourselves 
under the same tree where we 
started? We certainly have great 
opportunities ! 
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WELCOME TO ILLINOIS WESLEYAN UNIVERSITY 
MERRILL J. HOLMES 
President, Illinois Wesleyan University, Bloomington 


It is a high privilege to weleome 
to the campus of Illinois Wesleyan 
University the 44th annual meeting 
of the Illinois State Academy of 
Seience. First, we wish to weleome 
you in behalf of the faculty of Llli- 
nois Wesleyan University, because 
throughout the century of our exis- 
tence we have had faculty members 
who have been not only great teach- 
ers in the field of science but who 
have given significant help in pio- 
neering new investigations and de- 
velopments. 

I would like to name in this con- 
nection John Wesley Powell, who 
lost an arm in the Battle of Shiloh 
and who became our Professor of 
Natural Science in the late 60’s. He 
is noted for his exploration of the 
Grand Canyon of the Colorado and 
as founder of the United States Geo- 
detic Survey. On his exploration 
of the Grand Canyon he took with 
him four students from Illinois Wes- 
leyan University and one from IIli- 
nois State Normal University. In- 
cidentally, this joint student group 
is a symbol of the mutual interest 
and spirit of cooperation typical of 
these two institutions here in Bloom- 
ington-Normal. Professor Frank El- 
mer Wood, another inspiring science 
teacher, took great interest through 
many years in the pre-medical stu- 
dents. One year there were eight 
of them in the medical school at 
Northwestern University, and they 
were known as ‘‘Dr. Wood’s boys,”’ 


a very appropriate designation. 
Then there was Professor John Gra- 
ham, followed later by such men as 
Professors Mortimer, Townsend, and 
Hargitt, from under whose instrue- 
tion a continuing procession of able 
graduates has gone to important 
service in various fields of science 
after post-graduate study. 

In the second place, I welcome 
you in behalf of the alumni of IIli- 
nois Wesleyan University whose 
eareers have fallen in the various 
fields of science: Dr. John Welch 
of the class of 1896, eminent phys- 
ician, whose careful research in the 
field of blood plasma established its 
value for saving life. It was in 1910, 
I believe, that he published in a 
medical journal the first record we 
have of the use of blood plasma in 
saving the lives of young infants. 
Dr. Carl S. Marvel, an outstanding 
alumnus of ours in the field of mod- 
ern chemistry, is now professor of 
organic chemistry at the University 
of Illinois, and has directed research 
in synthetic rubber. Dr. John W. 
Marden, now with the Westinghouse 
Company, has carried on research 
which has resulted in a large number 
of patents held by that company. He 
was the first scientist to produce 
uranium in large quantities. And 
to mention a few more, there is 
Dr. Howard Miller, professor of bio- 
chemistry at Harvard; Dr. H. H. 
Love, now at Cornell University, 
whose special field is plant breeding 
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and who at present is in Thailand 
specializing in rice breeding; Dr. 
Harold Hodge, professor of pharma- 
eology at the University of Roches- 
ter, who has worked closely in the 
atomic field, especially at Bikini. 


Illinois Wesleyan takes credit 
twice for its long list of distin- 
guished alumni, first of all for hav- 
ing been able to discern the excep- 
tional talent in these people when 
they presented themselves as fresh- 
men, and second, we take credit 
(and plenty of it) for achievements 
in their professional fields after they 
have had graduate study somewhere 
else! 


And this leads me to present to 
you a welcome in behalf of the 
students of the university, many of 
whom have special interests in the 
field of science. It means much to 
them for the Academy of Science to 
meet here today. We are primarily 
a teaching institution, and yet some 





research in a modest fashion has 
gone on most of the time since Pro- 
fessor Powell’s day. The latest im- 
portant episode has been a research 
program in cancer control made pos- 
sible by a grant from the United 
States Public Health Service and 
ably conducted by Dr. Wayne W. 
Wantland, professor of biology. 
Hamsters and rats were the experi- 
mental animals. Considerable prog- 
ress was made in inciting two 
types of cancer, a valuable prerequi- 
site for the investigation of cancer 
control. 

Some of the most significant re- 
sults of the meeting today and to- 
morrow will be registered, I am sure, 
in the interest of the high school 
and college students who are in at- 
tendance here. They are tomor- 
row’s teachers and. scholars in the 
fields of science. We trust we shall 
succeed in giving all the cooperation 


you need in making this meeting’ 


valuable to all of you. 
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EVENING ADDRESS 


MAN’S PRIME REQUISITE—FOOD 


LOUIS B. HOWARD 


Department of Food Technology, College of Agriculture, 
University of Illinois 


Of the many things which man 
must provide for himself, food and 
water are prime requisites and al- 
ways have been. Neither clothing, 
shelter, association with fellow man 
nor the multitude of other require- 
ments which we variously classify 
as necessities or luxuries in accord 
with our station or present cireum- 
stance, can claim the primal and 
constant position in our happiness 
and survival as does food. Nor does 
man oceupy a unique position in this 
regard, as a moment of reflection on 
the requirements and habits of mem- 
bers at all levels of the animal and 
vegetable kingdoms will make clear. 
The tree will send its roots to great 
lengths and through tremendous ob- 
stacles to obtain its required nu- 
trients. Just so will an insect, such 
as the ant, provide fascinating copy 
for the writer who describes its ef- 
forts and prodigious feats in pro- 
curing its food. 

A man must eat. And this he 
must do with reasonable frequency, 
for nature has not equipped him to 
live otherwise. He cannot, like some 
insects, gorge himself during a peri- 
od of plenty and then after a long 
nap transform himself into a self- 
sufficient state and flutter gracefully 
through his remaining years without 
the slightest concern about such base 
endeavors as eating. No, he cannot 
even do as the, huge bear after his 


final autumn banquet—turn in for 
a long winter nap and there remain 
oblivious to the world until climatic 
conditions again stock his larder. 

A man must eat. We are told of 
instances where he has survived for 
two months without food, but usu- 
ally the hunger from a few days 
of abstinence will drive a person 
into a wild and dangerous mood. 
Many amazing, and often gruesome, 
tales have been recounted of the ex- 
tremes to which a man shipwrecked, 
lost in a blizzard, or otherwise 
stranded in an area barren of food 
will resort... Under such cireum- 
stances, he is little concerned about 
flavor, sanitation, or source of 
supply. 

The acts of the hungry individual 
are magnified in a family, commu- 
nity, or nation bereft of an adequate 
food supply as has been shown by 
historians describing both ancient 
and modern events. The Bible is 
replete with examples of the insta- 
bility among peoples who experi- 
enced food shortages. Abraham and 
his family were driven from the 
Negeb, to which they had migrated 
from Haran, by hunger. ‘‘ Now there 
came a famine in the land; and be- 
cause the famine was so severe in 
the land, Abram went down to 
Egypt to reside there.’’ 

In more recent times and very 
close geographically, another exam- 
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ple of instability associated with a 
food problem has been unfolded to 
us by students of the Cliff Dwellers 
who lived in what is now our Mesa 
Verde National Park in southwest- 
ern Colorado. Here was a most fas- 
cinating social group who had de- 
veloped a system of living quite 
unique in many ways and who ap- 
parently flourished for a period of 
at least two hundred years from the 
eleventh century until the late 
1200’s, at which time they disap- 
peared suddenly and completely. It 
is believed that starvation was an 
important contributing factor and 
was oceasioned by the great drought 
of 1276 to 1298, a climatic catas- 
trophe revealed by examination of 
the tree growth rings in that area. 


Old English history is also filled 
with the importance of food in the 
development of that nation. In a 
book by Prentice entitled Hunger 
and History, it is stated that in the 
eleventh and twelfth centuries in 
England, famine is recorded every 
fourteen years on the average, and 
the people suffered twenty years of 
famine in two hundred years. It is 
interesting to note a summary of 
some of the famines which occurred 
in Europe during the thirteenth 

4 
century. I shall quote a few of these 
from Prentice’s book. 


The year 1200, Ireland, a cold, foodless 


ear. 

1203: England, a great mortality and 
famine from long rains. 

1203: Ireland, a great famine, so that 
the priests ate flesh meat in Lent. 

1209: England, famine from a rainy 
summer and severe winter. 

1224: England, a very dry winter 
and bad seed time, whence followed a 
great famine. 

1235. England, famine and plague. 
20,000 persons die in London. People 
eat horse flesh, bark of trees, grass, and 
so forth. 


And so goes the reeord through 
the whole century. In some eases, 
food shortages have been aggravated 
by political situations. For example, 
in 1845, the year of the calamitous 
Irish famine, the potato crop was 
almost entirely ruined by disease. 
This was a tremendous disaster to 
the Irish, since half their popula- 
tion depended almost entirely on the 
potato for sustenance, and the other 
half depended at least in part upon 
this same commodity. As a result 
of a strong agricultural lobby, laws 
had been passed which were called 
the Corn Laws. These precluded the 
importation of any grain, commonly 
referred to as corn, so that it was 
impossible under them to import 
grains into Ireland. Tens of thou- 
sands of people are reported to have 
perished from this famine, and, be- 
cause of the seriousness of it, the 
Corn Laws were repealed to permit, 
the importation into Ireland of other 
foodstuffs. 
from the famine almost a mass mi- 
gration to the United States and a 
consequent substantial fall in the 
population of Ireland. 


Food has continued to be of tre- 
mendous importance in the politics 
of our modern world. I am sure that 
all of you will recall the slogan which 
was so widely used during the Sec- 
ond World War—‘‘Food will win 
the war and write the peace.’’ And 
today our Congress debates the pros 
and cons of sending large shipments 
of wheat to India to avert serious 
famine among their peoples and per- 
haps incidentally to win some politi- 
cal advantages. 


A remarkable change has been 
brought about in our way of life as 
a result of changes in our methods 


However, there resulted 
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of acquiring food. Some of our 
earliest forebears lived on_ roots, 
nuts, and berries, under which cir- 
cumstance it has been estimated the 
whole earth could support but a few 
hundred thousand souls. There were 
also the ‘‘cliff pushers’’ who stam- 
peded large animals over high cliffs 
to their death or such serious injury 
that they could not escape their 
hungry pursuers. 

With the invention of the spear 
and later the bow and arrow, man 
was well adjusted to an animal diet. 
This early man devoted a major por- 
tion of his time in the satisfaction 
of his food requirements entirely 
from natural sourees by hunting 
animals, collecting herbs, fruits, and 
nuts, stealing eggs from. the nests 
of birds, or by fishing. Contrast that 
Situation with today when an in- 
creasingly small proportion of man’s 
time is devoted to the actual gather- 


_ing and preparation of food. Quite 


obviously, it would be impossible to 
support a large population with the 
gregarious instinct so active as in 
modern man when it was necessary 
to depend on natural sources for 
food. Today essentially all our foods 
are produced under cultivation. This 
is true even in the case of some fish, 
which are being cultivated in in- 
creasing amounts on fish farms and 
by the stocking of public streams 
and ponds. Oysters have been cul- 
tivated for many years in the Chesa- 
peake Bay. 

Certainly one of the remarkable 
changes in man’s way of life came 
with his change from a hunter or 
migratory being to a more or less 
fixed creature who had started the 
development of agriculture. This 
purposeful rearing of plants and 
animals came during the latter part 


of the stone age and was well under 
way by 5000-6000 B.C. In general, 
the ancient nations which have sur- 
vived down through the ages have 
been those located in fertile areas 
where agriculture yielded regular 
and abundant crops. It was hardly 
an accident that civilization pros- 
pered in the valleys of the Tigris and 
Euphrates rivers, for this indeed 
was a rich area, as was all of the 
‘Fertile Crescent,’’ which extended 
north and west from that cradle of 
civilization. The delta of the Nile 
is another area of rich agricultural 
land, and here, again, we find a na- 
tion which has existed from ancient 
times. 

Many of the wars of history have 
been waged for the principal pur- 
pose of acquiring food. Even in 
the great Second World War, the 
strong plea of Germany was for 
Lebensraum. Lebensraum for what? 
Certainly not necessarily for her in- 
dustries but more for larger agri- 
cultural areas where food might be 
produced to support the ‘‘superior 
race’? which would live in her ex- 
isting cities. Italy, too, sought to 
expand into Ethiopia to derive 
larger agricultural production, and 
Japan into Manchuria. One might 
even suspect that England had some 
such notion as this during her early 
imperialistic development. Not al- 
ways has food been the motivating 
force which has brought about a 
war, but, as Voltaire has said, ‘‘The 
fate of a nation often depends upon 
the digestion of the minister.’’ 

The lack of food or the glut of 
food has determined the course of 
battles. One interesting story is that 
told of the battle for Leipzig, prior 
to which Napoleon gorged on a 
shoulder of mutton stuffed with 
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onions. He became sluggish and in- 
capable of clear-minded and vigor- 
ous action. In consequence of this, 
he made tactical errors, and the bat- 
tle went against him. It has been 
suggested by some that the large 
monument erected on the outskirts 
of Leipzig, which tells how good were 
the Germans on that glorious day, 
might more appropriately have con- 
sisted of a monument topped with a 
victorious leg of mutton. 


Along with the change to an agri- 
cultural world in which most of our 
foods are produced under cultivation 
has come recognition of the neces- 
sity of developing methods of preser- 
vation of foods. Food must be avail- 
able to men twelve months of the 
year and must be transportable from 
areas of abundant production to 
those less favored by climatic con- 
ditions or soils. In some instances, 
of course, nature herself has pro- 
vided the means of preservation in 
certain commodities, such as the 
cereal grains, edible seeds, and nuts, 
which have undergone a natural dry- 
ing and which we may classify as 
stable foods. 


Cereal grains, in particular, have 
very excellent stability; in fact, 
some have been foun in the tomb of 
King Tut which are said to have 
been in excellent condition many 
hundreds of years after harvest. Per- 
haps even more dramatic was the 
discovery of barley, millet, peas, and 
beans which had been put away by 
the Swiss Lake Dwellers 5000 to 
6000 B.C. This finding in 1854 
along the shores of Lake Zurich fol- 
lowed a very dry period when the 
lake level had fallen so low that the 
early dwellings became visible and 
led to extensive exploration. 


Tubers and some fruits which ma- 
ture late in the season or which 
undergo natural drying may be said 
to have intermediate stability. For 
example, potatoes; late varieties of 
apples; and those tropical fruits, 
such as the dates and figs, which 
desiccate naturally, have this inter- 
mediate stability. They, too, have 
been very important items of diet, 
especially in the case of the Irish 
potato. The fig and date as impor- 
tant items of diet go back to ancient 
times; however, a great majority of 
our fruits and vegetables, milk, eggs, 
and the flesh of animals are very 
perishable and, therefore, must be 
used almost immediately upon har- 
vest unless in some manner pre- 
served. 


In one sense the living animal may 
be in itself looked upon as a means 
of food preservation. Many species 
which feed upon highly perishable 
vegetation during the warm season, 
may be used in man’s diet long after 
the winter season has killed vege- 
table foods. Moreover, some agricul- 
turists have advocated the use of 
the ‘‘livestock cushion’’ whereby 
animals may be used to relieve sur- 
plus production of crops one season 
and tide over a food deficiency on 
a subsequent season. 


~ 


Unfortunately, many of the foods 
which fall into the stable classifica- 
tion are lacking in some of the im- 
portant nutritive values, and this 
frequently has had an impact on the 
health of peoples who have been 
limited in their diet to such mate- 
rials. One classic example is that 


of the early sailors who had to spend 
many weeks at sea once they set forth 
from port; since in those days there 
was no such thing as refrigeration 
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or canned foods, of necessity ship 
galleys were stocked only with those 
foods which were stable. Fresh 
fruits ordinarily were not included 
in the diet; the almost invariable 
result was scurvy. Today every en- 
lightened person knows the cause 
of seurvy; he knows that it is pre- 
vented by Vitamin C which, of 
course, is present in a great variety 
of fruit and vegetable materials, par- 
ticularly in citrus fruits. 

Probably the first method of pres- 
ervation of foods was that of dehy- 
dration, which in fact is of unknown 
antiquity. As I have already men- 
tioned, natural sun-drying preserved 
many fruits, especially those of high 
sugar content such as dates and figs. 
Generally those fruits grew natural- 
ly in areas where weather conditions 
were favorable to desiccation. At a 
later date, it was found that milk 
could be partially preserved by con- 


_verting it to butter and cheese, which 


process involves partial dehydration. 
Even dried milk, which we think of 
certainly as a modern invention, was 
made by the Tartars according to 
an account of Mareo Polo dating 
from 1289. It is doubtful that their 
product could hold its place in com- 
petition with present-day products. 

Meat, and possibly fish, was dried 
by exposure to air, especially in re- 
gions of dry climate. The American 
Indians, particularly the Western 
tribes, are known to have preserved 
certain foods by drying. For ex- 
ample, they dried venison into a 
product known as jerky, and they 
also dried olives which in this form 
remained edible and highly nutri- 
tious, if not palatable, for a long 
period of time. The Indians of Peru 
dried potatoes by freezing and ex- 
posure to the ‘sun. 


Later than dehydration came the 
method of preservation involving the 
use of salt, which in reality is pri- 
marily a process of drying, the salt 
being used for drawing out the mois- 
ture of the fish or meat being so 
preserved. Smoking of fish and meat 
also was employed to give a distine- 
tive flavor and to provide a measure 
of preservation through the action 
of the cresols and formaldehyde in 
the smoke. 

Spices have been tremendously im- 
portant for many years, and, in fact, 
the demand for spices was a factor 
which led to Columbus’ historic 
expedition, which so widely miscar- 
ried from its original objective, but, 
as a somewhat important by-product, 
led to the discovery of the Americas. 
Spices had a two-fold use in the 
early days. First, as a mask for the 
bad odors and tastes which resulted 
from putrefaction of the food then 
commonly available in Europe. In 
other words, spices made it possible 
for a human being to consume food 
which today would be considered 
wholly inedible. They had a second 
purpose: the essential oils which 
retard spoilage caused by microor- 
ganisms acted as a partial preserva- 
tive. 

Another ty pe of preservation 
which dates back to antiquity is that 
of freezing. We are inclined to think 
of freezing as a modern and recent 
method of food preservation, and 
indeed it is as we do it today. How- 
ever, freezing, like dehydration, was 
one of those natural processes which 
occurred in certain climates and 
which was taken advantage of by 
individuals who consumed animals 
and fish in early times. Artificial 
preservation by above-freezing cool 
storage must have been an early 
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practice, for it is reported that the 
Romans transported ice and snow 
from the northern and mountainous 
regions for this purpose. Significant 
also is the statement that the first 
export from New England to the 
West Indies was a shipload of ice. 

It would be remiss indeed to fail 
to refer to fermentation as an early 
means of preservation. For exam- 
ple, wine is a preserved form of 
fruit juice, and the preservation of 
cabbage by soaking in sour wine 
or vinegar was a pre-Christian prac- 
tice. Sauerkraut, the fermented and 
thereby preserved derivative of cab- 
bage, was popular in Europe over 
400 years ago. 

Modern methods of food preser- 
vation originated with the develop- 
ment of canning. This process dates 
back to the year 1795 when France 
was not only in the throes of a revo- 
lution but at the same time at war 
with several hostile European na- 
tions. The problem of insuring ade- 
quate and suitable food supplies for 
the army and navy, us well as the 
civilian population, had become very 
acute. Disease was rampant among 
the French armed forces, and it be- 
came clear to the French Directory, 
the five-man governing board which 
ruled the country at that time, that 
some new means of preserving food 
would have to be devised. Conse- 
quently, a prize of 12,000 franes was 
offered by the Directory to any per- 
son who would develop a successful 
means for preserving a wide variety 
of foods. Appert, an obscure Pari- 
sian confectioner, entered the com- 
petition and was awarded the prize 
in 1809. Appert also published the 
first treatise on canning in 1810. 
The first English translation ap- 
peared the following year. 


At the time of Appert’s work, the 
causes of food spoilage were not 
known, and, in fact, were only par- 
tially disclosed a half century later 
by the classical researches of an- 
other Frenchman, Louis Pasteur. 
Today we classify the factors in- 
volved in food spoilage in three 
major categories: first, microbiologi- 
cal, which includes the yeasts, molds, 
and bacteria that bring about sour- 
ing, development of bad flavor and 
odor, loss of color, and other types 
of spoilage in the food product. 
Some of these are purely aesthetic 
factors, but, in others, definite toxic 
materials develop, leading to such 
disorders as those commonly called 
food poisoning or to the fatal botul- 
ism. The second classification may 
be called macrobiological. This is 
the type of spoilage caused by in- 
festation with insects or rodents. 
The third class is chemical and in-, 
volves such changes as those brought 


about by the naturally occurring’ 


enzymes which, when uninhibited, 
may cause losses of vitamins and un- 
desirable changes in color, odor, or 
texture of the foodstuff. Without 
being acquainted with these factors 
nor realizing their significance, Ap- 
pert overcame in large measure all 
three by his invention. In his work, 
Appert used wide-mouthed, glass 
bottles which he filled with the food, 
carefully corked and heated in boil- 
ing water. In his early text, he de- 
scribed canning procedures for more 
than fifty foods and set forth such 
postulates as careful sealing, utter 
cleanliness and sanitation in opera- 
tions, use of highest quality raw 
materials, and adequate heating, all 
of which remain valid in modern 
canning practice. 
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It was not until 1810 that Peter 
Durand, an Englishman, conceived 
and patented the idea of using ves- 
sels not only of glass, but of pottery, 
tin, and other metals. This was the 
forerunner of the modern canning 
industry, which has grown to such 
huge size today. It is believed that 
William Underwood, who had come 
to America in 1817, started the first 
American canning operations in Bos- 
ton in 1819 using Appert’s proce- 
dure. However, it was not until 1840 
that tin containers came into wide- 
spread use. The Spanish-American 
War, and particularly the World 
War of 1914-1918, also exerted sig- 
nificant expanding influences on the 
canning industry. Consequently, in 
the United States today the industry 
is composed of about 3,500 canning 
establishments which normally pro- 
duce more than three hundred differ- 
ent canned foods. We have become 
so accustomed to having available 
Seasonal fruits and vegetables at all 
times of the year, canned meats, 
milk, and specialty products of wide 
variety that we overlook the enor- 
mity of this development in food 
preservation and its impact on our 
society. 

Although several persons have 
contributed to the development of 
frozen foods, it is natural to look to 
Clarence Birdseye as the man who, 
perhaps, contributed more to the 
commercial application of freezing 
preservation than any other single 
person. He early recognized the im- 
portance of using only the highest 
quality of raw materials in the 
preparation of frozen products. 
Freezing has some advantages over 
canning with certain foodstuffs, and 
with the widespread distribution of 


“ee 


freezing equipment and the develop- 
ment of household frozen-food units 
and community locker plants, it is 
now possible for nearly every house- 
wife to take advantage of this type 
of preserved food. Generally speak- 
ing, the advantages of frozen foods 
lie in their more natural flavor and 
color. The disadvantage lies in the 
necessity for freezing equipment in 
which to store the products. 


It is important that we have more 
than one method for preserving 
large quantities of foodstuffs; this 
was apparent during World War 
Ii when we experienced severe 
shortages of steel and tin because 
these metals were essential for other 
military uses. Moreover, we were 
confronted with the problem of ship- 
ping tremendous quantities of food- 
stuffs to our armed forces located 
all over the world. This require- 
ment led to a remarkable develop- 
ment in what is perhaps the oldest 
of all methods of food preservation, 
dehydration. Modest amounts of de- 
hydrated eggs had been used in this 
country in recent years, especially 
by the baking trade which consumed 
an average of about ten million 
pounds a year. Wartime require- 
ments stepped up the production of 
dehydrated eggs to well over 400 
million pounds each year. The sig- 
nificance of this in terms of shell 
eggs may be comprehended when it 
is noted that one pound of the dehy- 
drated product is equivalent to three 
dozen eggs. 


Production of powdered skim and 
whole milk and ice cream powders 
also reached new highs. Great num- 
bers of fruit and vegetable dehy- 
dration plants were built almost 
overnight, and large quantities of 
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dehydrated fruits and potatoes, car- 
rots, cabbage, and certain other vege- 
tables were sent overseas for use in 
lend-lease and for the armed forces. 
Unfortunately, many of these prod- 
ucts were not of the best quality 
when they reached the consumer, 
and because of inadequate knowl- 
edge in the handling of such foods, 
the mess sergeants seldom produced 
therefrom highly palatable meals. 
However, research led to remarkable 
advances in dehydration during the 
war, and it is possible today to pro- 
duce some very satisfactory dehy- 
drated products; so a third impor- 
tant commercial method of food 
preservation is available. This meth- 
od may be of special significance in 
the stockpiling of foodstuffs in prep- 
aration for possible food shortages 
or for military needs in any part 
of the world where long-time stor- 
ability is important. 


The processing and preservation 
of foods has become so important to 
our present-day society that nearly 
four-fifths of all the food consumed 
today has been processed by one 
means or another. The food-process- 
ing industry is the largest of all the 
manufacturing industries, outrank- 
ing considerably even our great au- 
tomobile industry. With this growth 
has come the development of a spe- 
cialized field of learning which we 
call food technology. 


What is food technology? Let us 
say that it is the application of such 
sciences as chemistry, bacteriology, 
and engineering in the conversion 
of the raw materials of the field and 
the sea to the finished food which 
comes to our tables. It covers such 
diverse operations as canning, freez- 
ing, baking, cereal milling, cheese 


making, meat processing, beverage 
manufacturing, oil-seed processing, 
and candy making. The food tech- 
nologist sets forth as important ob- 
jectives in the development of food 
products the best possible palata- 
bility, high nutritive value, good 
stability, as well as interesting va- 
riety and novelty, convenience in 
using, and reasonable prices. How 
much progress has he made in the 
achievement of these objectives — 
just spend an hour in your local 
super-market and you can judge for 
yourself ! 


But what about the future—what 
may we anticipate in our foods of 
tomorrow? What direction are some 
of the very recent developments 
taking? 


First, a few words about concen- 
trates. Very likely every one in the 
audience has used frozen orange con- 
centrate—that remarkable develop- 
ment which in two or three years has 
grown to an annual production of 
about 250,000,000 pounds of frozen 
citrus concentrates. This is equiv- 
alent to a billion pounds of regular 
juice. Similar products for grape 
juice, lemonade, coffee, and tomato 
juice are coming on the market and 
others are in the experimental stage. 
Apple concentrates have been pro- 
duced experimentally which are so 
true to the original flavor that a 
person acquainted with the charac- 
teristic flavors of different varieties 
readily can tell what apples were 
used in producing a particular con- 
centrate. The secret for several of 


these products lies in concentration 
by vacuum at about room tempera- 
ture followed by a partial dilution 
with fresh juice and then freezing 
without subjection to any heat treat- 
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ment. So far a completely satisfac- 
tory frozen milk concentrate has not 
been produced, but a three-to-one 
concentrate in liquid form has now 
been introduced on the market in 
several cities. 

Complete removal of water from 
certain products is finding its place. 
Some of the soluble powdered cof- 
fees on the market are obtained by 
drying the frozen coffee extracts 
under high vacuum. The same pro- 
cedure has been studied in an effort 
to obtain high-quality orange juice 
and milk powders. Dehydrated po- 
tatoes in the form of granules which 
reconstitute quickly to mashed po- 
tato are available. Partially dehy- 
drated and then frozen apple slices, 
a product called dehydrofrozen ap- 
ples, retains the desirable character- 
istics of dried and frozen apples 
without the disadvantages of either. 
Commercial pie bakers and Army 
and Navy supply officers are much 
interested because of the important 
saving in bulk, weight, and container 
materials coupled with convenience 
and fresh-apple quality. We may 
expect increasing amounts of our 
food to reach us in these convenient 
concentrated forms in the future. 

Advances are being made by the 
canning industry in its continued 
effort to produce canned foods with 
better color, texture, and fresh prod- 
uct flavor. Much of this development 
is directed toward methods of achiev- 
ing sterilization with a minimum ap- 
plication of heat. In this quest one 
interesting and very recent approach 
has been the trial of antibiotics in 
the canned product. The studies are 
purely exploratory up to the present 
time and the results somewhat con- 
tradictory. However, under certain 
conditions the addition of as little 


as 10 parts per million of the anti- 
biotic subtilin followed by a very 
mild heat treatment definitely pre- 
vented spoilage of canned foods 
which in the absence of the subtilin 
spoiled very quickly. With the in- 
creasing store of antibiotic materials 
which are becoming available it is 
a hopeful possibility that some will 
be found which will be useful food 
preservatives. 

The development of rancidity and 
off-flavors in frying fats, shorten- 
ings, and salad oils, and the staling 
of erackers, cookies, potato chips, 
and similar fat-containing foods is 
becoming less and less a problem 
with the development of more potent 
antioxidants which are without un- 
desirable tastes or flavors and defi- 
nitely non-toxic. Not only has the 
prevention of rancidity esthetic 
value but also it may have signifi- 
eance from a nutritional standpoint. 

Possibly the most dramatic in- 
vestigations in the area of food pres- 
ervation are the use of X-rays and 
cathode rays. These studies are 
presently being carried on in both 
commercial and university research 
laboratories. The notable accom- 
plishments of nuclear physicists and 
electrophysicists in recent years have 
given us such potent high-voltage 
generators or particle accelerators 
as the Van de Graf generator, cy- 
clotron, capacitron, and betatron. 
Foods of various kinds have been 
exposed to X-rays produced by high 
voltage electrons and by the cathode 
rays themselves. The exposures have 
been in the nature of fairly long con- 
tinuous irradiation and also of very 
short pulses of extremely high inten- 
sity. In many of the studies three 
million volt electrons have been used 
with complete destruction of all con- 
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taminating microorganisms. A\l- 
though the X-rays have been found 
capable of destroying micro-organ- 
isms they are too slow, requiring 
10-20 minutes for spore formers. 
With the cathode rays but a few 
seconds are required. 

It is stated that enzymes are in- 
activated by the cathode rays; thus 
two of the main causes of food de- 
terioration are removed at once by 
this treatment. Of course, the foods 
must be protected from recontamina- 
tion by sealing them in glass, metal 
containers, or plastic bags before 
irradiation. Such products are re- 
ported to keep remarkably well even 
at room temperature for many 
months, and in a report in the popu- 
lar press it is claimed that raw ham- 
burger has retained its fresh red 
eolor and flavor for four years after 
treatment. Also in a popular press 
report it is claimed that a commer- 
cial plant will go into operation next 
year with a capacity to process up 
to 50,000,000 pounds of food per 
year at a cost of about one-half cent 
per pound. However, there is much 
research yet to be done before this 
proposed process of food preserva- 
tion can be looked upon as safe and 
effective. 

Strange results, have been ob- 
served such as the very bad taste 
which developed in milk when ex- 


posed to cathode rays, the bleaching 
of color in skin and flesh, and de- 
velopment of off-taste in raisins but 
not in prunes, and the severe dis- 
coloration of some meats exposed at 
room temperature, whereas they re- 
tained their natural color if refrig- 
erated first. Moreover, studies have 
shown losses of perhaps serious con- 
sequence in carotene and riboflavin 
and to a lesser extent in other vita- 
mins. Little is known about possible 
changes in proteins and fats which 
may affect their nutritive value or 
possibly even produce toxic sub- 
stances. Nevertheless this promises 
to be a powerful tool in fashioning 
our foods of tomorrow and may 
prove useful in preserving other 
perishable products, from antitoxins 
to roses. 

There are numerous other develop- 
ments on the food horizon including 
new methods of processing, new 
formulations, and even synthetié 
foods. Some of these will prove 
valueless, uneconomical, or for some 
other reason will never see the light 
of day. But others will reach our 
tables next month or next year to 
bring us advances in nutrition, con- 
venience, and palatability, and 
thereby play their part in our de- 
veloping way of life. 

“<The great motivating force of the 
human race is the empty stomach.” 
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PROGRAM FOR THE 44th ANNUAL MEETING 
PAPERS PRESENTED 


ARCHAEOLOGY AND ANTHROPOLOGY 


DR. DAN MORSE, Chairman 
Peoria 


Biological Effects on Prehistoric Indians of Illinois: C. C. Burford, Urbana. 
The Story of Corn and the Prehistoric Man: J. R. Holbert, Director of Re- 
search, Funk Bros. Seed Co., Bloomington. 
Over Fifty Years’ Adventures in Arrowhead Hunting: Frank W. Aldrich, 
Bloomington. 
Cave Diggings in Idaho: C. W. Hudelson, Normal. 
Remarks: Byron W. Knoblock, Quincy, President, Illinois State Archaeological 
Society. 
Symposium, Medical Archaeology 
Participants—Dr. T. Hugh Young, Nashville, Tenn.: Prehistoric Skulls; 
Dr. Don Dickson, Lewistown: Determination of Sex and Age by Skeletal 
Materials; Dr. John B. Ruyle, Champaign: Dental Pathology; Dr. Leon 
Kramer, Columbus, Ohio: Objectives of Prehistoric Ohio Flint. 


~ 


BOTANY 


GLEN 8S. WINTERRINGER, Chairman 
Illinois State Museum, Springfield 


The enH Decimal Scale for Expressing Hydrogen Ion Concentration: H H. 
Thornberry, University of Illinois, Urbana. : 

Southern Illinois Plant Records: William M. Bailey and Julius R. Swayne, 
Southern Illinois University, Carbondale. 

A Preliminary Report on Specimens of Cordianthus from the Carboniferous 
of Kansas: Theodore Delevoryas, University of Illinois, Urbana. 

A Study of the Compositae of Champaign County, Illinois: Marilyn Briggs, 
University of Illinois, Urbana. 

Microstructure of Wood of Juniperus virginiana L. X J. Ashei Buchh.: 
Margaret Kaeiser, Southern Illinois University, Carbondale. 

Additional Collections of Andropogon elliottii Chapm. in Southern Illinois: 
John W. Voigt, Southern Illinois University, Carbondale. 


. A Preliminary Report on a Primitive Fern Stem from St. Wendels, Indiana: 


Jeanne Morgan, University of Illinois, Urbana. 


. Identity of Colchicum Before Dioscorides: O. J. Eigsti, Funk Brothers Seed 


Company, Bloomington. 

New Concentrated Preparations for Use in the Diagnosis and Treatment of 
Inhalant Allergies: Leo Kaplan, Southern Illinois University, Carbondale. 
The Funk Natural Forest Area: J. Nelson Spaeth, University of Illinois, 
Urbana. 

The Physiology of Chloromycetin Production: Marvin Legatar and David 
Gottlieb, University of Illinois, Urbana. 

Early Endosperm Development and Embryogeny in Cassiope hypnoides: 
Barbara F. Palser, University of Chicago, Chicago. 

Botanical Trips in Sweden Sponsored by the Seventh International Botanical 
Congress 1950: Evelyn I. Fernald, Rockford College, Rockford. 

Photography of Botanical Specimens: J. T. Buchholz, University of Illinois, 
Urbana. 
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CHEMISTRY 


K. VAN LENTE, Chairman 
Southern Illinois University, Carbondale 


Beta Nitro Ethers: Frank O. Green and Fred W. Wren, Wheaton College, 
Wheaton. 

Research, Development, and Utilization of Illinois Peat and By-Products: 
Derso Shybekay, Peat and By-Products Council of America, Washington, D. C. 
Easily Made Crystal Models: H. E. Phipps, Eastern Illinois State College, 
Charleston. 

. A New Method for Calculating the pH Limits at the End-Point of a Titration: 
W. P. Cortelyou, Roosevelt College of Chicago, Chicago. 

. Relation Between Beginning College Chemistry Grades and Previous Training 
in Science and Mathematics in High School: E. H. Hadley, R. A. Scott, and 
K. Van Lente, Southern Illinois University, Carbondale. 


. Molecular Weights of Organic Liquids Without Use of Balance: G. W. 


Thiessen, Monmouth College, Monmouth. 


GEOGRAPHY 


MARTIN W. REINEMANN, Chairman 
Northern Illinois State College, DeKalb 


. A Regional Study of the Desolate Northwest of Scotland: Hugh Thompson, 
University of Illinois, Urbana. 

. Geographic Distribution of Fuels Used in Manufacturing: Walter Voskuil, 
State Geological Survey, Urbana. 

. District Heating with Coal: Wesley Calef, University of Chicago, Chicago. 

. Some Factors in the Industrial Development of the Port of Houston: Floyd 
Cunningham, Southern Illinois University, Carbondale. 

. The Narrow Seas: W. O. Blanchard, University of Illinois, Urbana. 


. Turning Tows on the Illinois-Mississippi Waterway: I. Edwin Becht, Uni- 


versity of Illincis, Urbana. 

. Geographical Significance of Agricultural Land Drainage Enterprises in 
Illinois, Particularly in Champaign County: George F. Beatty, University 
of Illinois, Urbana. 

. Factors in the Early Growth of Springfield, Illinois: C. W. Sorenson, Illinois 
State Normal University, Normal. 

. A Bibliography of Free and Low-Cost Materials on the Geography of Illinois: 
John C. Hofer, University of Illinois, Urbana. 

. The Silica Brick Industry of the Joliet Area: William H. Odenthal, Illinois 
State Normal University, Normal. 

. Early Settlement Patterns in McLean County: A. W. Watterson, Illinois 
State Normal University, Normal. 

. Recent Population Trends in Illinois: Carl Swisher, Northwestern Univer- 
sity, Evanston. 


GEOLOGY 


J. S. TEMPLETON, Co-Chairman 
State Geological Survey, Urbana 
CARLETON A. CHAPMAN, Co-Chairman 
University of Illinois, Urbana 
. Major Aquifers in Glacial Drift near Mattoon, Illinois: John W. Foster, State 
Geological Survey, Urbana. 


. Water-Bearing Characteristics of the Ironton-Galesville Aquifer: J. F. Mann 
and M. V. Strantz, State Geological Survey, Urbana. 
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*3. Notes on the Illinois Lafayette Gravel: J. E. Lamar and R. R. Reynolds, 
State Geological Survey, Urbana, and U. S. Geological Survey, Washington. 

*4. Cambrian and Ordovician Exposures in Northern Illinois: H. B. Willman and 
J.S. Templeton, State Geological Survey, Urbana. 

5. Lithofacies Analysis of Pennsylvanian Cyclothems in Illinois: Allan M. 
Gutstadt, Northwestern University, Evanston. 

*§. An Occurrence of Barite in the LaSalle Limestone of Illinois: Raymond S. 
Shrode, State Geological Survey, Urbana. 

7. The Structural History of the Centralia Oil Pool, Marion and Clinton Counties, 
Illinois: Robert L. Brownfield, State Geological Survey, Urbana. 

*8. Applications of the Statistical Slope Orientation Diagram: Carleton A. 
Chapman, University of Illinois, Urbana. 

9. Some Sedimentary Attributes of Roque Bluffs Beach, Maine: Thomas Winter- 

: field, Northwestern University, Evanston. 

i *10. Revision of Croixan Dikelocephalidae: Gilbert O. Raasch, State Geological 

Survey, Urbana. 

, 11. Research Trends in Carbonate Mineralogy: Donald L. Graf, State Geological 

: Survey, Urbana. 

12. Replacement by Magmatic Dikes at Mount Willey, New Hampshire: Donald 
M. Henderson, University of Illinois, Urbana. 

*13. Early American Geology of Lewis Evans in 1743 to 1755: George W. White, 
University of Illinois, Urbana. 


PHYSICS 


' OTIS B. YOUNG, Chairman 
il, Southern Illinois University, Carbondale 
1. Two Laboratory Experiments on Transmission Lines: Roger M. Morrow, 
vd Western Illinois State College, Macomb. 
2. The Rankine Viscometer—A Demonstration: Lester I. Bockstahler, North- 
western University, Evanston. 
i 3. An Oxygen Vapor Pressure Thermometer: Harmon Plumb, Northwestern 
ce University, Evanston. . 
in 4. Resistance Thermometer at Extremely Low Temperatures: Elton Kohnke, 
ty Northwestern University, Evanston. 
5. Cosmic Rays and Mesons: R. I. Hulsizer, University of Illinois, Urbana. 
sis 6. Properties of Laboratory Mesons: G. F. Chew, University of Illinois, Urbana. 
7. The New Electrical Distribution Board at Rockford College: L. J. Bulliet, 
8: W. Fond John Burnes Co., Rockford. 
. 8. The Thermal Conductivity of Titanium from 20°K to 800°K: Carl J. Rigney, 
ois Southern Illinois University, Carbondale. 
9. A New Electromagnetic Field Theory: W. J. Hooper, The Principia, Elsah. 
ois 10. Enriching the Physics Course with Color Slides: Herman L. Rider, Maine 
Township High School, DesPlaines. 
- 11. The Photoelectric Emission of Barium Oxide: Irvin L. Sparks, Eastern Illinois 
State College, Charleston. 
PSYCHOLOGY AND EDUCATION 
T. A. NELSON, Chairman 
Lyons Township High School, LaGrange 
Theme: What Science, When and How Much for American Youth? 
Elementary 
ate 1. The Elementary School—Beginnings of Science Education: H. S. Zim, Uni- 
versity of Illinois, Urbana. 
ann 2. Children’s Interests Lead to Good Science Education: Martha Ewing, Villa 


Grove Community Unit Grade School, Villa Grove. 
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Secondary 


3. 


“Toward a More Responsible Two-Party System’”—A Discussion of a Report 
School, Bloomington. 


4. Biology, a Living Science Today and Tomorrow: Lee P. Witt, Lakeview High 
School, Decatur. 

*5. Health and Safety Education in Our Science Courses: Dorothy A. Butts, 
East High School, Rockford. 

*§. Some Evaluation Techniques in Tenth Grade Biology: H. William Crall, 
Western Illinois State College, Macomb. 

College 

7. Science in the Junior College: Morton Goldman, Danville Community College, 
Danville. 

8. General Education Courses in Science at the College Level: William E. 
Morrell, Division of General Studies, University of Illinois, Urbana. 

SOCIAL SCIENCE 
VERNON G. MORRISON, Chairman 
Southern Illinois University, Carbondale 

*1. Organized Labor and Manpower Controls in World War II: Milton Edelman, 
Southern Illinois University, Carbondale. 

2. The Control of Inflation in 1951: Everett E. Hagen, University of Illinois, 
Urbana. 

*3. “Toward a More Responsible Two-Party System’’—A Discussion of a Report 
by That Title Prepared by the Political Parties Committee of the American 
Political Science Association: Leo C. Stine, James Millikin University, 
Decatur. : 

4. A Review of Reviews of Douglas S. Freeman’s Young Washington: Walter 
B. Hendrickson, MacMurray College, Jacksonville. 

5. Russian Bolshevism as a Social Movement: J. Howell Atwood, Knox College, 
Galesburg. 

*§. The Meaning of Economic Security to Older Persons: William H. Harlan,’ 
Southern Illinois University, Carbondale. 

*7, Progress in School Reorganization in Illinois: David E. Lindstrom, University * 
of Illinois, Urbana. 

*8. Dialect, an Informal Record of History: H. Rex Wilson, Augustana College, 
Rock Island. 

ZOOLOGY 
CHARLES L. FOOTE, Chairman 
Southern Illinois University, Carbondale 

*1. An Ecological Study of Formica Formica Exsectoides: John F. Dimmick, 
Easton Community Unit 121, Easton. 

2. A Comparative Morphologic and Physiologic Study of Fish Blood: Charles 
G. Smith, William M. Lewis, and Harold M. Kaplan, Southern Illinois Uni- 
versity, Carbondale. 

3. Some Instances of Micro-Societies Composed Largely of Insects: Walter V. 
Balduf, University of Illinois, Urbana. 

*4,. Eimeria dicrostonicis n. sp., a Protozoan Parasite of the Lemming, and Other 
Parasites from Arctic Rodents: Norman D. Levine, University of Illinois, 
Urbana. 

*5. A Study of Frog Blood in Red-Leg Disease: Carl E. Mezo and Harold M. 
Kaplan, Southern Illinois University, Carbondale. 

*§. The Distribution of Trachythrips in Illinois: L. J. Stannard, State Natural 
History Survey, Urbana. 

7. Life Cycle and Control of Iris Borer (Macronoctua onusta Grote): Muriel 
McKinney De Pauw, Normal Community High School, Normal. 

8. An Analysis of the Fish Populations of Two Farm Ponds: David E. Elder, 


Southern Illinois University, Carbondale. 


*Published in this volume. 
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Factors Involved in Artificial Hatching of Tapeworm Embryos for In-Vitro 
Studies of Tapeworm Metabolism: W. Malcom Reid, Monmouth College, 
Monmouth. 

Morphological and Respiratory Changes Induced in Melanoplus differentialis 
by B Irradiation: Theodore N. Tahmisian and Jean Gasvoda, Argonne 
National Laboratory, Chicago. 

Parasites of the European Corn Borer of Illinois: D. D. Arbuthnot and 
J. W. Wright, U. S. Department of Agriculture and State Natural History 
Survey, Urbana. 

The Rise and Fall of Immunity to Trichinella spiralis in the Albino Rat and 
Its Effect on Growth and Reproduction: Sister Marie Jogues Coors and 
Joseph E. Semrad, De Paul University, Chicago. 


COLLEGIATE SECTION 


HARRY J. FULLER, Coordinator 
University of Illinois, Urbana 


MARILYN TUCKER, Chairman 
Mundelein College, Chicago 


Emphasis on Biological Sciences 


Fishing Commercially for the Nematagnathi siluridae: Barbara J. and Thomas 
R. Hensley, Illinois Wesleyan University, Bloomington. 

Taste Perception; Individual Reactions for Different Substances: Samuel G. 
Kahn, Illinois Wesleyan University, Bloomington. 

Seasonal Fluctuations in Hemoglobin in College Men and Women: Marianne 
Whowell and Helen Ralston, Monmouth College, Monmouth. 

Ectoparasites and Endoparasites of Different Planktonic Organisms of Lake 
Michigan, Chicago Region: Wilma H. Lehmann, Mundelein College, Chicago. 
Care of Small Laboratory Animals: Samuel R. Maehara, Illinois Wesleyan 
University, Bloomington. ‘ 

Some Bryophytes of Southern Illinois: Raymond E. Hatcher, Southern IIli- 
nois University, Carbondale. 

The Efficiency of the Respiratory Mechanism of Fish: Wayne Gfroerer, 
Wheaton College, Wheaton. 

Problems in Hatching Tapeworm Eggs for In-Vitro Studies: Jo Ann Sprinkle, 
Monmouth College, Monmouth. 


Emphasis on Physical Sciences 


The Formation of Geodes: John B. Sabine, Eugene B. Shultz, Jr., and James 
D. Pinkham, The Principia, Elsah. 

The Effectiveness and Economy of Various Detergents: Kenneth R. Smith, Jr., 
Greenville College, Greenville. 

Antiseptic Properties of Derivatives of Biphenol: Darwin D. Davis and 
Elbert H. Hadley, Southern Illinois University, Carbondale. 

Senior Chemistry Research at Mundelein College: Jean Kennedy, Mundelein 
College, Chicago. 

Microelectrolytic Detection of K* in the Presence of Na*: Dan Stice, Mon- 
mouth College, Monmouth. 

Material Yields in Kolbe Electrosynthesis: Henry Terford, Monmouth Col- 
lege, Monmouth. 

Decomposition Potentials of Organic Salts in Pyridine: Donald Bump, Mon- 
mouth College, Monmouth. 

The Crystalline Structure of g Quartz, g Tridymite, and g Cristobalite: 
Herbert M. Kennedy, The Principia, Elsah. 

The Analysis of the Mundelein Mathematics Tournament of 1950: Sally D. 
Crisanti, Mundelein College, Chicago. 


*Published in this volume. 

















SiC 


tre 








Illinois Academy of Science Transactions, Vol. 44, 1951 35 


BOTANY 


THE enH DECIMAL SCALE FOR EXPRESSING 
HYDROGEN-ION CONCENTRATION 


H. H. THORNBERRY}1 
University of Illinois, Urbana 


A practical system for expressing 
hydrogen-ion concentration, the enH 
decimal seale, within the range of 
th pH seale has been devised in order 
to simplify statistical analyses of 
variable hydrogen-ion data such as 
those from biological research. The 
pH scale which was originated by 
Sorensen (5), elucidated by Clark 
(2,3), recently reviewed ‘by Bates 
(1), and its usual definition criti- 
cized by MacInnes (4) affords a serv- 
iceable system for some uses. How- 
ever, this scale requires the conver- 
sion from negative logarithms to 
arithmetical values for statistical 
treatment and reconversion back to 
negative logarithms for expression. 

Such conversions involve a degree 
of mathematical comprehension that 
may not be available in technical 
assistants who carry out the routine 
experiments and collect the basic 
data on hydrogen-ion concentration. 
Although the enH seale involves cer- 
tain computations for mean values, 
the procedure can be carried out by 
personnel without the mathematical 
background required for the pH 
seale. Geometrical mean pH values, 
although adaptable for determina- 


1 Acknowledgments are given to M. B. Linn for a 
critical reading of the manuscript, to B. L. Wade 
for an appraisal of the statistical aspects of the 
paper, to A. G. Carlton for mathematical and sta- 
tistical evaluation of the paper, and to R. K. Finn 
for an appraisal of the scale’s utility in chemical 
engineering. 





tion by technical personnel, are usu- 
ally inappropriate. The purpose of 
this paper is to present the enH 
seale and its derivation and to cor- 
relate its values with pH values and 
hydrogen-ion normality values. 


The enH decimal scale is an ex- 
ponent-number system based upon 
centimicromicro normality (cpp N. 
or 1 x 10°* N.) of hydrogen-ion for 
the unit value. Its values are arith- 
metical entities which utilize a deci- 
mal number (n) multiplied by 10 
raised to some power (e) to desig- 
nate the hydrogen-ion concentration, 
i.e., .10 x 10° for 1 x 107 N. of water 
under conditions for a dissocation 
constant of 1 x 10. 


In practical usage the decimal 
portion ‘‘n’’ may be limited to a 
two-place number. However, greater 
accuracy may be achieved by using 
a longer decimal number. For con- 
venience and brevity, the exponent is 
written first as a whole number fol- 
lowed by the decimal point and num- 
ber. Although such an expression is 
not conventional, the system is com- 
prehended easily and is practical. 
By using the enH scale, it is possible 
to express arithmetically all the hy- 
drogen-ion concentrations of the pH 
scale (pH 0.00 to 14.00) within 
fourteen whole number intervals of 
the enH seale (enH 1.10 to 15.10). 








—— 
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TABLE 1.—EXAMPLES OF PROCEDURE FOR DETERMINING THE MEAN OF SOME ARBITRARY 
ENH VALUES BY THE USE OF SEVERAL COMMON EXPONENTS OF 10. 



































Common exponents 
Values enH Bi 
10° 10° 107 108 10° 

Bee 3. eee 25 2.50 25.00 | 250.00 | 2500.0 
BS eC 050 0.50 5.00 50.00 | 500.0 
OMe ce esa 0033 | 0.033 0.33 3.30 33.0 
M3 ea 0001 | 0.001 0.01 0.10 1.0 
PRET RG be Choe ee 00001 | 0.0001 0.001 0.01 0.1 

Wb St a 30341 | 3.0341 | 30.341 | 303.41 | 3034.1. 
Mean 8.60682............... | oeoss2 | 60882 | 6.0682 | 60.682 | 606.82 














To determine the mean of a series the exponent value must be altered 
of enH values that have the same accordingly to maintain the same 
whole number (‘‘e’’ values), carry value. If shifted to the left, add to 
through the usual procedure on the the exponent the number corres- 
arithmetical portion (‘‘n’’ values) ponding to the places moved. If 
then combine the original whole to the right, subtract accordingly., 
number (common ‘‘e’’ value) with Examples of the procedure are given 
the resultant decimal mean. In cases in table 1. The mean value under 
of enH values with different whole each of the columns of common ex- 
numbers (‘‘e’’ values), it is neces- ponent converts to .60682 x 10° 
sary to list the arithmetical portion which is enH 8.60682 or 8.61. 

(‘‘n’’ values) according to an arbi- The relationship of the enH scale 
trary common exponent (table 1). values to the pH values of zero man- 
In this listing the arithmetical por- tissa and ecpyp normality values is 
tion can and may have whole num-_ shown in table 2. The enH decimal 
bers as well as decimial values. After values to five places that correspond 
obtaining the mean of these listed to the pH mantissa are given in 
numbers in the usual manner, the table 3. In converting enH values 
common exponent value and the tec pH values, change the whole num- 
mean decimal value are combined for ber according to table 2 or figure 1. 
the enH mean. The common expon- Then locate the arithmetical portion 
ent values do not change during the of the enH value in table 3 and read 
procedure of obtaining mean ‘‘n’’ the pH mantissa (tenth in column 
values. If the mean value does not 1 and hundredth in headings). For 
have its first number following the example, enH 8.19 (or enH 8.1905) 
decimal point, shift the point to the converts to pH 7.72. In converting 
right or left until this is the case. pH values to enH values, change 
When the decimal point is shifted, the whole number according to table 
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Fic. 1.—A dual pH and enH scale applicable for installation on electric meters 
for measuring H-ion concentration. It also illustrates the interrelationship of the 
two scales. The enH slide scale with logarithmic spacing of arithmetical numbers 
may be superimposed upon the enH scale for convenience in estimating arithmetical 


intervals. 


,2 or figure 1. Then from the- pH 
mantissa in table 3 (tenth in column 


1 and hundredth in the headings) 
locate the arithmetical number cor- 
responding to the pH mantissa. 
Transition from one ‘‘e’’ value 
to the next in series (above or below) 
does not involve fractional values 
of .10 (.01 - .09) when the decimal 
value is maintained with a number 
following the decimal point. The 
ascending hundredth value from .99 
is 1.00 which converts to (‘‘e’’ + 
1) .10 whereas the descending hun- 
dredth value from .10 is .09 which 
converts to (‘‘e’’ - 1) .90. There 


ean be no ‘‘e’’ .00 value. There can 
be no arithmetical number of unity 
(1.00) or more except when used 
away from the exponent number 
such as computations involving only 
the ‘‘n’’ value (table 1). Any deci- 


TABLE 2.— RELATIONSHIP AND INTERCON- 
VERSION OF PH, ENH, AND Cuy 
NORMALITY VALUES. 








pH enH | Cuu normality H 
14.00 1.10 .1x 10! 
13.00 2.10 1x 10? 
12.00 3.10 .l x 108 
11.00 4.10 .1 x 104 
10.00 5.10 .1 x 105 
9.00 6.10 .1 x 108 
8.00 7.10 .1x 10’ 
7.00* 8.10* .1 x 108* 
6.00 9.10 .1 x 10° 
5.00 10.10 .1 x 10 
4.00 11.10 .1x 10" 
3.00 12.10 .1 x 10" 
2.00 13.10 .1 x 108 
1.00 14.10 .1 x 10" 
0.00 15.10 .1 x 10% 








* Neutrality or hydrogen-ion concentration of 
water under conditions for a dissociation constant 
of 1 X 10-*, 





a 
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TABLE 3.—LOGARITHMIC INTERVALS OF THE ENH DECIMAL VALUES INTERMEDIATE 
BETWEEN Two ADJACENT WHOLE NUMBERS AND THE RELATIONSHIP OF THE 
VALUES TO PH MANTISSA. 


For orientation, read arithmetical enH values (n) from right to left and top down, 
and read pH mantissa from bottom to top and left to right. 








pH mantissa 


























Hundredths 

Tenths 00 01 .02 | .03 04 05 | 06 07 08 09 

(1) .0 10000(n)|......{...... RL SNe We bees 8 . .(n) 
9 12590 |. 12303 12023] .11749 11483) 11221]. 10965] 10716} . 10472) .10233 
8 15849 | . 15489). 15136. 14792) 14455]. 14126 . 13804) 13490) . 13183) . 12883 
7 19953 |. 19499]. 19055| . 18621) .18198| 17783) .17379) . 16983} . 16596) .16219 
6 25119 _|.24548) .23989| 23443). 22909| 22388) .21878| 21380) . 20893) .204i8 
5 31623 | 30903) .30200| .29513| 28841) 28184) 27543! 26916 26303) .25704 
4 39811 | .38905| .38019| .37154 36308) .35482| . 34674). 33885| .33114| .32360 
3 .50119 |. 48978 47864) 40774) 4570544000 43652} 42659, .41687| .40739 
2 63096 | 61660] .60256) 58885 .57544| 56235) 54956] 63704. 52481 51287, 
1 .79433 _|.77625| .75856| .74132 pee FES Pee 67609) . 66070) .64566 
.0 | (1).0000 — |.97724 95500) 98326 1209 012687007 85114] 83177] 81284 
































n = arithmetical decimal value to five places taken from J. Peters, Zehnstellige Logarithmen, Ersten 


Band, 1922. 


mal number such as .01 or .005, ete., 
may be used for computations 
(table 1). These may even be 
used in combinatioh with ‘‘e’’ but 
they present irregularities of no- 
tation in a series of enH values. 
For uniformity of expression and 
continuity of the scale, it is necessary 
to shift the decimal point so that 
a number always follows the decimal 
point. 

The proposed enH decimal scale 
is for the sole purpose of expressing 
hydrogen-ion concentrations and 
does not relate to methods or ac- 
curacy of measurement. It combines 


the simplicity of notation of the pH 
scale with an arithmetical expression 
of normality. Consequently, the 
values in the enH seale may be treat- 
ed statistically without conversion 
and reconversion. The enH scale 
also provides, as does the pH scale, 
for the convenience of plotting large 
differences in hydrogen-ion concen- 
trations within a small space when 
logarithmic intervals or log. paper 
spacings are used for the decimal 
portion (‘‘n’’ values) of the scale. 


(The ‘‘e’’ values are logarithmic.) It 
also provides a means of expression 
in which values are directly propor- 
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tional to the concentration of hydro- 
gen-ions. This is in contrast to the 
confusing pH seale in which the 
values are inversely proportional to 
the concentration of hydrogen-ions. 
The pH scale offers further con- 
fusion when pH without numerical 
values is used as a noun qualified by 
adjectives such as higher, highest, 
lower, lowest, ete. Although the ex- 
pression ‘‘higher pH’’ can mean 
only less acidity, the term presents 
a mental hazard because one must 
rationalize in order to comprehend 
the condition. Furthermore, the 
reader or listener may wonder 
whether the author or speaker has 
stated the condition correctly. 
Although the pH scale is well es- 
tablished in scientific literature and 
usage and is generally installed on 
apparatus for measuring hydogen- 
ion concentration, the enH scale, if 
practical and serviceable, should not 
be barred from introduction and 
usage because of convention or habit 
of mind. However, ‘‘until a really 
fundamental and simple change is 
proposed, attempts to alter what has 
become _ established convention 
should be vigorously opposed and 
the convenience of pH should be 
preserved’’ (3). Introduction of the 
enH scale need not bring about a 


change in the system of designating 
hydrogen-ion concentration in the 
literature or in usage. If the hydro- 
gen-ion meters were provided with 
a dual seale containing both the pH 
scale and enH scale, such as that 
illustrated in figure 1, the original 
reading could be made on the arith- 
metic scale for statistical analysis. 
Upon completion of the necessary 
statistical computation, the mean 
enH and other statistical values 
could be converted to the pH scale 
from tables 2 and 3 or figure 1 for 
final records. This procedure would 
eliminate the necessary conversion 
of many individual pH values for 
statistical treatment. If the hydro- 
gen-ion data are not to be treated 
statistically, the original reading 
could be taken directly from the pH 
scale without using the enH scale. 
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SOME SOUTHERN ILLINOIS PLANT RECORDS 


WILLIAM M. BAILEY anp JULIUS R. SWAYNE 
Southern Illinois University, Carbondale 


The vascular plants reported in 
this paper constitute additional 
knowledge to the flora of southern 
Illinois. These records include 
plants previously reported without 
data (Bailey, 1949), plants not pre- 
viously reported from southern IIli- 
nois, and plants of rare occurrence 
in Illinois. Inclusion of plants is 
based on data as given by Jones 
(1950). For the sake of brevity, 
data available in Jones (1950) is 
not repeated here. Unless otherwise 
stated all plants were collected by 
the authors and all are on deposit 
at Southern Illinois University. 


Lycopodium lucidulum Michx.—Sand- 
stone ledges and boulders, Little Grand 
Canyon, Jackson Co., Aug. 24, 1949, 817. 
This colony was first reported to the au- 
thors by Raymond Hatcher of Murphys- 
boro, Iliinois. Jackson Hollow, Pope Co., 
May 13, 1950, 1016, and Aug. 17, 1950, 
1140; Belle Smith Spring, Pope Co., May 
27, 1950, 1042. 

Trichomanes boschianum Sturm.— 
Sandstone bluff above spring, Jackson 
Hollow, Pope Co., Aug. 17, 1950, 1136. 
This fern has not been taken in Illinois 
since the original collection by Dr. Mary 
Steagel in 1923. Our collection undoubt- 
edly is from the same location. 

Typha augustifolia L.—Crab Orchard 
Lake, Williamson Co., July 25, 1950, 1096. 

Bouteloua curtipendula (Michx.) Torr. 
—Talus, base of Pine Hills, Union Co., 
Sept. 20, 1949, 892. 

Tridens strictus (Nutt.) Nash.—Aban- 
doned field near Crab Orchard Lake, Wil- 
liamson Co., Sept. 6, 1949, 841. Only re- 
cently reported from Illinois (Hitch- 
cock, 1951). 

Cyperus pseudovegetus Steud.—Low 
moist ground near Elkville, Jackson Co., 
July 6, 1949, 743. 

Eleocharis quadrangulata (Michx.) 
R. & S.—Crab Orchard Lake, Williamson 
Co., Oct. 13, 1949, 914. 


Scirpus validus Vahl.— Wolf Lake 
Swamp, Union Co., July 10, 1950, 1076; 
lake near Belle Smith Spring, Pope Co., 
July 17, 1950, 1085; ditch near Sparta, 
Randolph Co., July 2, 1950, 1248; Crab 
Orchard,Lake, Williamson Co., July 26, 
1950, 1270. 

Rhynchospora corniculata (Lam.) A. 
Gray.—Low moist ground near Fountain 
Bluff, Jackson Co., Sept. 20, 1949, 888; 
near Shawneetown Lakes, Gallatin Co., 
Aug. 3, 1950, 1112; east of Brookport, 
Massac Co., July 28, 1950, 1280. 

Carex bebbii Olney.—Borrow pit, high- 
way 51 near Big Muddy River, Jackson 
Co., July 12, 1949, 752. 

Carex careyana Torr.—Closed woods, 
Jackson Hollow, Pope Co., May 3, 1950, 
1003. 

Carex caroliniana Schwein. — Low 
wooded floodplain near junction of high- 
ways 3 and 144, Jackson Co., May 17, 
1950, 1025. 

Carex crinita Lam.—Thompson Lake, 
Jackson Co., July 24, 1949, 779; Jackson 
Hollow, Pope Co., May 13, 1950, 1015. 

Carex projecta Mack. — Thompson 
Lake, Jackson Co., June 3, 1948, 458. 

Carex rostrata Stokes.—Roadside ditch 
near Sparta, Randolph Co., May 15, 1950, 
1008; Wolf Lake Swamp, Union Co., 
May 9, 1950, 1013. 

Lemna Trisulea L. — Wolf Lake 
Swamp, Union Co., Nov. 4, 1950, 1164. 

Lemna valdiviana Phil—Wolf Lake 
Swamp, Union Co., Nov. 4, 1950, 1166. 

Uvularia sessilifolia L.—Floodplain of 
Big Muddy River, Williamson Co., April 
25, 1950, 953; Pakentuk Boy Scout Camp, 
Johnson Co., May 3, 1950, 983. 

Iris cristata Ait——Closed woods, Rock 
Creek Valley, Hardin Co., April 19, 1949, 
664. Abundant in this isolated valley. 

Calopogon puchellus (Salisb.) R. Br.— 
Prairie remnant near Elkville, Jackson 
Co., May 18, 1948, 399. 

Corallorhiza odontorhiza (Willd.) 
Nutt.—Carbon Lake, Jackson Co., Oct. 
17, 1949, 929. Collected by Raymond 
Hatcher. 

Corallorhiza 


wisteriana Conrad. — 


Giant City State Park, Union Co., May 
17, 1949, 693; Jackson Hollow, Pope Co., 
May 3, 1950, 1001; Rock Creek Valley, 
Hardin Co., May 11, 1950, 1018. 
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Goodyera pubescens (Willd.) R. Br.— 
Closed woods, Belle Smith Spring, Pope 
Co., Aug. 15, 1950, 1133; Jackson Hollow, 
Pope Co., Aug. 17, 1950, 1134. Fairly 
abundant in the latter location. 

Hexalectris spicata (Walt.) Barnh.— 
Oak-hickory woods, Jackson Hollow, 
Pope Co., Sept. 17, 1950, 1168. Collected 
by Raymond Hatcher and Kenneth 
Stewart. 

Spiranthes grayi Ames.—Oak-hickory 
hillsides, Hickory Ridge, Jackson Co., 
Aug. 24, 1949, 812; near Sparta, Ran- 
dolph Co., Aug. 28, 1949, 828. 

Quercus montana Willd.—Hillside, At- 
wood Ridge, Union Co., Oct. 9, 1948, 639; 
near Tamms, Alexander Co., Oct. 28, 
1949, 926. 

Urtica chamaedryoides Pursh.—Bank 
of Mississippi River, Grand Tower, Jack- 
son Co., Aug. 24, 1949, 584. 

Ranunculus pusillus Poir—Small pond 
near Carbondale, Jackson Co., May 23, 
1947, 57. 

Ranunculus sardous Crantz.— Moist 
ground near Howardton, Jackson Co., 
Oct. 2, 1948, 635. 

Cabomba caroliniana A. .Gray.—Wolf 
Lake Swamp, Union Co., July 10, 1950, 
1074. 

Decodon verticillatus (L.)Ell—wWolf 
Lake Swamp, Union Co., Aug. 27, 1948, 
596. 

Dodecatheon frenchii (Vasey) Rydb.— 


. Midland Hills, Jackson Co., May 10, 1948, 


391; Jackson Hollow, Pope Co., May 3, 
1950, 990; Giant City State Park, Jack- 


son Co., May 23, 1950, 1029; Belle Smith 
Spring, Pope Co., May 27, 1950, 1043 and 
1044. Abundant on shaded sandstone 
ledges and along base of bluffs. 

Oenothera tetragona Roth.Low ground, 
open woods, Karnak, Pulaski Co., July 
28, 1950, 1103. 

Proserpinaca palustris L—Wolf Lake 
Swamp, Union Co., Nov. 4, 1950, 1167. 

Campanula intercedens Witasek. — 
Sandstone ledges and boulders, Fountain 
Bluff, Jackson Co., June 22, 1948, 477. 

Helianthus maximiliani Schrad.— 
Roadside, Crab Orchard Lake, Jackson 
Co., Sept. 19, 1947, 191. 

Eupatorium fistulosum Barratt.—Low 
ground, Olive Branch, Alexander Co., 
Sept. 7, 1950, 1162. 

Solidago rigida L.—Prairie remnant 
near Elkville, Jackson Co., Sept. 22, 1948, 
626. 
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STUDY OF THE COMPOSITAE OF CHAMPAIGN 
COUNTY, ILLINOIS 


MARILYN L. BRIGGS 
University of Illinois, Urbana 


This study of the Compositae oc- 
curring in Champaign County ‘is 
based chiefly on collections made by 
the author during the fall of 1950 
and specimens in the herbarium of 
the University of Illinois. 

There are 75 genera of Compositae 
and a total of 275 species recorded 
for Illinois. In Champaign County 
51 genera and 143 species have been 
known to occur. The author collect- 
ed 80 species, including Hypochoeris 
radicata L.. which has not previously 
been found in the county. Of the 143 
species recorded for Champaign 
County, 20 species have not been 
found in the last fifty years. These 
are as follows: Agoseris cuspidata, 
Anthemis arvensis, Artemisia bien- 
nis, Artemisia vulgaris, Aster azur- 
eus, Aster ericoides, Aster sericeus, 
Boltonia asteroides, Cacalia tuber- 
osa, Cirsium altissimum, Dyssodia 
papposa, Hieracitum scabrum, Inula 
helenium, Krigia biflora, Liatris cyl- 
indracea, Prenanthes aspera, Senecio 
pauperculus, Solidago caesia, Soli- 
dago ridellii, and Sonchus asper. 
Inasmuch as Champaign County is 
one of the best worked counties in 
the state, it is doubtful that they still 
oceur there. 

The sequence of genera and the 
nomenclature are those of G. N. 
Jones’ ‘‘ Flora of Illinois.’’ Citations 
are of specimens located in the Uni- 
versity herbarium. Asterisks indi- 
cate species which are believed to be 


no longer present in the county. The 
following abbreviations are used: 
GNJ for G. Neville Jones and MLB 
for the author; I for Champaign or 
near Champaign and II for Urbana 
or near Urbana. 

For much invaluable assistance 
and for many courtesies, I am in- 
debted to Dr. G. N. Jones. 


Iva xanthifolia Nutt. II (MLB) 1950 

Ambrosia elatior L. I (MLB) 1950 

A. helenae Rouleau II (MLB) 1950 

A. trifida L. I (MLB) 1950 

Xanthium commune Britt. I (MLB) 
1950 

Vernonia altissima Nutt. Mayview 
(MLB) 1950 

V. fasciculata Michx. Tolono (G. S. Win- 
terringer 1451) 1948 

V. missurica Raf. I (MLB) 1950 

Eupatorium altissimum L. I (MLB) 
1950 

E. coelestinum L. II (H. E. Ahles) 1949 

E. perfoliatum L. I (MLB) 1950 

E. purpureum L. St. Joseph (MLB) 
1950 

E. rugosum Houtt. II (MLB) 1950 

E. serotinum Michx. II (MLB) 1950 

Kuhnia eupatorioides L. I (MLB) 1950 

Liatris aspera Michx. I (G. S. Winter- 
ringer 554) 1946 

*L. cylindracea Michx. I (R. T. DeMotte) 
1901 

L. pychnostachya Michx. Tolono (G. S. 
Winterringer 1450) 1948 

Solidago altissima L. I (MLB) 1950 

*S. caesia L. II (A. Gilkerson) 1901 

8. gigantea Ait. I (MLB) 1950 

S. glaberrima Martens I (H. E. Ahles 
1746) 1949 

8S. juncea Ait. II (GNJ 16533) 1944 

8. latifolia L. St. Joseph (MLB) 1950 

8. media (Greene) Bush I (MLB) 1950 

S. nemoralis Ait. II (GNJ 17750) 1947 

*S. riddellii Frank I (G. P. Clinton 
28549) 1898 

S. rigida L. I (MLB) 1950 

S. ulmifolia Muhl. II (MLB) 1950 
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*Boltonia asteroides (L.) L’Her. II (A. 
B. Seymour) 1879 

*Aster azureus Lindl. II (A. B. Sey- 
mour 16196) 1879 

A. cordifolius L. II (MLB) 1950 

A. drummondii Lindl. II (MLB) 1950 

*A. ericoides L. II (W. S. Snyder 14122) 
1881 

A. exiguus (Fern.) Rydb. I (MLB) 1950 

A. laevis L. I (MLB) 1950 

A. lateriflorus, (L.) Britt. II (MLB) 
1950 

A. novae-angliae L. I (MLB) 1950 

A. paniculatus Lam. II (MLB) 1950 

A. ontarionis Wieg. II (GNJ 14950) 
1941 

A. pilosus Willd. I (MLB) 1950 

A. sagittifolius Wedem. II (GNJ 17754) 
1947 

A. salicifolius Lam. I (MLB) 1950 

*A4. sericeus Vent. I (R. T. DeMotte) 
1901 

A. shortii Lindl. II (MLB) 1950 

A. tradescanti L. II (GNJ 16314) 1943 

A. vimineus Lam. II (GNJ 13097) 1940 

Erigeron annuus (L.) Pers. I (MLB) 
1950 

E. canadensis L. I (MLB) 1950 

E. philadelphicus L. Il (GNJ 12883) 
1940 

E. strigosus Muhl. II (GNJ 11462) 1940 

Antennaria fallax Greene II (W. E. 
Manning) 1928 

A. neglecta Greene II (GNJ 17763) 1948 

A. parlinii Fern. Sidney (D. H. Ecke) 
1947 

A. plantaginifolia (L.) Hook. II (GNJ 
15686) 1943 

Gnaphalium obtusifolium L. II (GNJ 
13271) 1940 

*Inula helenium L. II (—— 14136)—— 

Polymnia canadensis L. St. Joseph 
(MLB) 1950 

Silphium integrifolium Michx. I (MLB) 
1950 

8S. laciniatum L. I (MLB) 1950 

8S. perfoliatum L. I (MLB) 1950 

8S. terebinthinaceum Jacq. I (MLB) 
1950 

Parthenium integrifolium L. I (MLB) 
1950 

Heliopsis helianthoides (L.) Sweet. II 
(MLB) 1950 

Eclipta alba (L.) Hassk. II (MLB) 1950 

Rudbeckia hirta L. II (N. R. Pies- 
bergen) 1942 

R. laciniata L. St. Joseph (MLB) 1950 

R. subtomentosa Pursh I (MLB) 1950 

R. triloba L. II (MLB) 1950 


Brauneria pallida (Nutt.) Britt. I 
(MLB) 1950 
Ratibida pinnata (Vent.) Barnh. I 


(MLB) 1950 


Galinsoga ciliata 
(MLB) 1950 
Helianthus annuus L. Il (MLB) 1950 
H. decapetalus L. II (D. Garrett, Jr. 
148) 1949 

H. divaricatus L. If (MLB) 1950 

H. grosseserratus Martens I (MLB) 

1950 

. hirsutus Raf. II (MLB) 1950 

. mollis Lam. II (GNJ 15301) 1942 

. occidentalis Riddell I (MLB) 1950 

. petiolaris Nutt. II (MLB) 1950 

. rigidus (Cass.) Desf. I (MLB) 1950 

. strumosus L. II (MLB) 1950 

H. tuberosus L. II (MLB) 1950 

Verbesina alternifolia (L.) Britt. II 
(MLB) 1950 

Verbesina helianthoides Michx. II (GNJ 
12234) 1940 

Coreopsis palmata Nutt. I (MLB) 1950 

C. tripteris L. II (GNJ 12883) 1940 

Bidens aristosa (Michx.) Britt. 1 
(MLB) 1950 

B. bipinnata L. II (MLB) 1950 

B. cernua L. II (MLB) 1950 

B. comosa (A. Gray) Wieg. I (MLB) 
1950 

B. connata Muhl. II (MLB) 1950 

B. discoidea (T. & G.) Britt. Il (MLB) 
1950 

B. frondosa L. I (MLB) 1950 

B. polylepis Blake II (GNJ 17344) 1945 

B. vulgata Greene I (MLB) 1950 

Helenium autumnale L. I (MLB) 1950 

H. nudiflorum Nutt. Il (GNJ 12501) 
1940 ; 

*Dyssodia papposa (Vent.) Hitche. 
Mahomet (G. P. Clinton 29888) 1899 

Achillea millefolium L. II (MLB) 1950 

*Anthemis arvensis L. II (W. B. Waite 
16486) 1884 

A. cotula L. Il (GNJ 15260) 1942 

Chrysanthemum leucanthemum lL. II 
(G. J. Norwood) 1948 

Tanacetum vulgare L. Il (GNJ 12900) 
1940 

*Artemisia biennis Willd. I (G. P. Clin- 
ton 11902) 1895 

A. ludoviciana Nutt. Mahomet (GNJ 
18865) 1949 

*A. vulgaris L. II (G. P. Clinton 12512) 
1895 

Cacalia atriplicifolia L. Il (GNJ 16273) 
1943 


(Raf.) Blake. I 


Sees 


C. muhlenbergii (Sch.-Bip.) Fern. II 
(GNJ 16301) 1941 

*0. tuberosa Nutt. I (G. P. Clinton 26240) 
1888 

Erechtites hieracifolia (L.) Raf. St. 
Joseph (MLB) 1950 

Senecio aureus L. Mahomet 


(GNJ 
17412) 1946 
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*S. pauperculus Michx. Champaign Co. 
(Collector unknown, 16551) date un- 
known 

8. plattensis Nutt. II (GNJ 11319) 1940 

8S. vulgaris L. Il (GNJ 13824) 1941 

Arctium lappa L. II (MLB) 1950 

A. minus (Hill) Bernh. I (MLB) 1950 

*Cirsium altissimum (L.) Spreng. St. 
Joseph (G. P. Clinton 29874) 1899 

C. arvense (L.) Scop. Rantoul (H. M. 
Franklin) 1949 

C. discolor (Muhl.) Spreng. I (MLB) 
1950 

C. hillii (Canby) Fern. II (R. J. Miller) 
1948 

CO. vulgare (Savi) Airy-Shaw I (MLB) 
1950 


Onopordum acanthium L. II (Roy Hem- 
pel) 1948 

Tragopogon dubius Scop. Il (MLB) 
1950 


T. porrifolius L. Il (GNJ 15711) 1943 

T. pratensis L. II (MLB) 1950 

Hypochaeris radicata L. along RR, W 
of Champaign (MLB) 1950 

*Krigia biflora (Walt.) Blake, Cham- 
paign Co. (N. A. Weston) 1890 

Cichorium intybus L. I (MLB) 1950 

Lactuca canadensis L. I (MLB) 1950 

L. floridana (L.) Gaertn. St. Joseph 
(MLB) 1950 

L. scariola L. I (MLB) 1950 

L. villosa Jacq. II (GNJ 12844) 1940 

Sonchus arvensis L. II (MLB) 1950 

*§. asper (L.) Hill II (G. P. Clinton 
82655) 1900 

8S. oleraceus L. I (MLB) 1950 

*Prenanthes aspera Michx. I (G. P. Clin- 
ton 11889) 1895 

P. crepidinea Michx. Mahomet (H. E. 
Ahles & GNJ 1710) 1949 

P. racemosa Michx. I (G. P. Clinton 
11887) 1895 (Reported to have been 


observed, 1949 W. of Champaign, no 
specimen. ) 

*Hieracium scabrum Michx. Champaign 
Co. (Collector unknown, 16625) date 
unknown 

*Agoseris cuspidata (Pursh) D. Dietr. 
Champaign Co. (O. B. Stanard) 1875 

Taraxacum erythrospermum Andrz. II 
(GNJ 16767) 1945 
T. officinale Weber I (MLB) 1950 


It would seem that 68 percent of 
the genera and 52 percent of the 
species of Compositae occurring in 
Illinois also oceur or have occurred 
in Champaign County. Considering 
that this county contains only a 
little more than 1 percent of the area 
of the state, the Compositae are well 
represented. Hypochaeris radicata 
L. is an interesting addition to the 
flora of Champaign County. 
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MICROSTRUCTURE OF WOOD OF JUNIPERUS 
VIRGINIANA L. X J. ASHEI BUCHH.' 


MARGARET KAEISER 
Southern Illinois University, Carbondale 


Twenty-five random samples of 
juniper woods from a population of 
hybrids of Juniperus virginiana L. 
and J. Ashei Buchh. were collected 
from MeVey Knob, Ozark County, 
Missouri, by M. T. Hall* and given to 
the writer. Taxonomic determina- 
tions of all samples were made by 
him. Although J. virginiana belongs 
to the polyspermous series of juni- 
pers and J. Ashet to the monosper- 
mous series, the chromosome mor- 
phology is similar. Introgression (1) 
obtains within the genus. The two 
species are highly inter-fertile. Fig- 
ure 1 shows twigs of J. virginiana, 
_ J. Ashei, and the hybrid. Introgres- 
- sion is reported to account for the 
peculiar shapes of some of the juni- 
pers in the Ozarks. 

Of the twenty-five samples, each 
from a separate tree, four are con- 
sidered taxonomically as J. Ashei, 
although these are reportedly slight- 
ly different from J. Ashei of the 
Edwards Plateau of Texas, the pres- 
ent center of distribution of the 
species. Five samples are regarded 
as ‘‘near’’ J. Ashei (possible recom- 
binations). The remaining sixteen 
specimens are regarded as hybrids. 
Their respective collection numbers 
are given inthe accompanying 
tables. 

The wood of the twigs from the 
hybrid population varied in age 


1 Aided in part through University 
Grant. 

? Formerly of Washington University, 
Cranbrook Institute. 


Research 


now at 


from three to ten years. When com- 
pared with both young and mature 
wood samples of J. virginiana and 
J. Ashei, the hybrid samples all 
showed many microstructural fea- 
tures shared by hoth species. These 
include: wood parenchyma meta- 
tracheal, vertical walls ‘‘pitted,’’ 
transverse walls with ‘‘nodular 
thickenings’’; horizontal walls of 
ray parenchyma cells ‘‘pitted,’’ in- 
dentures present, end walls ‘‘nodu- 
lar’’; tracheids with intercellular 
spaces between them in cross section ; 
some pitting on tangential walls of 
late (terminal) wood ; cross-field pits 
cupressoid; tracheids with radial 
bordered pits relatively abundant 
for conifers and sometimes crowded ; 
bordered pits when more than one 
vertical row per tracheid arranged 
oppositely (2, 3, 5, 6, 7, 8). 


Since the woods of the two species 
are so closely similar in most micro- 
structural features, additional anal- 
yses of taxonomically determined 
specimens were made to check for 
any possible differences. These in- 
cluded one specimen of mature wood 
of J. Ashei from Austin, Texas, pro- 
vided by the U. S. Forest Products 
Laboratory, Madison; one eighteen- 
year-old branch of the same species 
from the Arbuckle Mountains of 
Oklahoma, provided by G. J. Good- 
man; and twigs from four sheets on 
loan for use by B. C. Tharp, of the 
University of Texas. Three of the 
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TABLE 1—TANGENTIAL SECTIONS OF RAYS 

















Counts of 50 H.P. fields (X440) 


















































Age Mean 
Source Location Coll. in ray Cell 
No. yrs. | Cell | Most | Total} Total} ht. (10 
range | freq. | cells | rays |counts in 
ht. | range |in rays microns) 
Juniperus virginiana L. 
G. J. Goodman} Wilburton, Okla..| K-25 8 1-9 2 680 | 292) 20.1 
M. Kaeiser....|C’dale, Tll........ A 9 1-6 2 667 | 285) 20.4 
s . ag ze B 9 1-7 2 683 | 296; 21.6 
é se cs Cc 9 1-10 2 684 | 275 | 20.4 
E. S. Harrar. .|Durham, N. C.... 11 1-7 2 642 | 297 19.8 
E. Quarterman| Davidson Co., 
yg a N-1 10 1-6 2 698 347 21.7 
‘4 - - re N-2 12 1-8 2 594 | 298) 21.6 
. cs e . N-3 14 1-8 2 637 | 334] 21.9 
“1 ‘4 3 es N-4 10 1-7 2 650 | 343) 20.8 
Juniperus Ashei Buchh. 
D, M, Moore. ./Carrol Co., Ark.. .| 321151 9 1-8 2 800 | 418} 21.6 
V. L. Cory... .|Uvalde Co., Tex..} 39389 9 1-10 2 | 1283 | 479); 19.2 
ee thie McCulloch Co., 
ARE age 38464 9 1-7 2 947 | 415| 21.6 
ha Val Verde Co., 
OK. : 28. ee ee 39725 6 1-11 2 |.1078| 409| 19.5 
G. J. Goodman|Arbuckle Mtns., 
NA eee a K-24 18 1-10 2 902 | 461] 20.7 
M. T. Hall....|McVey Knob, Mo.| 5-A 6 1-9 2 926 | 436) 20.4 
e: “3 ? *: < 8-A 5 1-11 2 944 | 346; 19.1 
x 6 9-A 3 1-9 2 986 | 366) 23.1 
se 3 " 5 14-A 4 1-9 2 980 | 444/] 19.8 
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. 


Fie. 1—Twig of Juniperus virginiana L. (left) showing both awl and scale 
leaves; middle, J. Ashei Buchh. twig; right, hybrid twig. 


collections marked J. Ashei were 
made by V. L. Cory from the Ed- 
wards Plateau region of Texas, and 
the fourth was made by D. M. Moore 
in northwestern Arkansas. Likewise, 
mature wood of J. virginiana from 
Linn, Florida, was provided by the 
Madison laboratory; mature wood 
from Durham, North Carolina, pro- 
vided by E. S. Harrar; young wood 
from twigs from Durham, eastern 
Oklahoma, and southern Illinois; 
and four twigs from trees growing 
in the Nashville basin sent by 
E. Quarterman. Because of the con- 
fusion of J. Ashei Buchh. (4) with 
other taxonomic names, a number of 
wood collections analyzed had to be 
disregarded in this present account. 

The present center of distribution 
ot J. Ashei is regarded to be the 


Edwards Plateau of Texas. The 
species is likewise found in the Ar- 
buckle Mountains and on limestone 
bluffs in Mayes County in Oklahoma, 
in the bald knob country from Taney 
to Ozark counties in southwest Mis- 
souri, and in similar areas in north- 
west Arkansas. MeVey Knob is re- 
garded as the easternmost extent of 
range of J. Ashei in Missouri, the 
region from which the Hall samples 
were procured. This species is not 
to be confused with J. mexicana 
Spreng., which does not come into 
the United States, nor with J. mezt- 
cana Schleect. (9), whieh is referable 
to a polyspermous form. 

Tables 1-3 give data of some of the 
analyses made on the hybrids, 
‘*near’’ J. Ashei specimens, and con- 
trols. Table 3 which gives average 
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TABLE 2.—SUMMARY OF TANGENTIAL SECTIONS OF RAYS 
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Counts of 50 H.P. fields (X440) 























No. Age 
Plant of range Total Mean ray cell 
samples | in Cell | Most | cells Total |ht. (10 counts 
years | range | freq. | in rays rays in microns) 
ht. | range| range range range 
} 
bigness BAS: | 
Juniperus virginiana L.. 9 8-14 | 1-10 2 | 594-698 | 275-347 | 19.8-21.9 
J. Ashei Buchh......... 9 3-18 | 1-11 2 | 902-1283) 346-479 | 19.1-23.1 
“Near” J. Ashei Buchh. 
(possible recombina- 
MUO ois hen cnt oe ke 5 5-10 | 1-15 2 | 762-1132) 311-435 | 20.0-22.5 
CO A ee 16 4-8 1-19 2 ipipeat 295-441 | 20.1-24.0 








TABLE 3.—SUMMARY TANGENTIAL SECTIONS OF Rays 


























i Av. |Average of counts of 50 H.P. fields (X440) 
age AeA EEE A Ss EIR AE IIS EST 
Plant No. of of | | 
twigs twigs | Total cells | | Mean ray “ 
yrs. inrays | Totalrays | cell ht. 
=e, or 
2-3 | 
J. virginiana L............ 9 10.2 659.4 307.4 20.9 
J. Ashei Buchh........... 9 7.6 982.2 419.3 | 20.5 
“Near” 
J, Ashei Buchh............ 5 7.6 914.0 376.2 21.6 
DE Sigh co's 9-6 <3 SeNics 2 16 5.8 917.0 346.0 22.2 








counts of rays and total numbers of 
cells of rays shows both relatively 
fewer rays and fewer total numbers 
of cells of rays in J. virginiana than 
in the other forms studied. The hy- 
brids and ‘‘near’’ J. Ashei speci- 
mens appear more similar to the J. 
Ashei parent than to J. virginiana 
with respect to total number of ray 
cells. The hybrids are somewhat 
closer to J. virginiana in total num- 
ber of rays, whereas the ‘‘near’’ 
J. Ashei more closely resemble the 
J. Ashei parent. 








There is also a tendency toward 
slightly greater range in pit aperture 
length of cross-field pits of early 
wood in J. virginiana L. than in | 
J. Ashei Buchh. The hybrids and 
possible recombinations more closely 
resemble the latter parent in this 
respect as they do, also, in the pos- 
session of tracheids with slightly 
narrower lumina and thicker walls 
(4). 

The foregoing treatment deals 
with only a limited number of ran- 
dom samples. However, it is sug- 
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EARLY ENDOSPERM DEVELOPMENT AND 
EMBRYOGENY IN CASSIOPE HYPNOIDES* 


BARBARA F. PALSER 
University of Chicago, Chicago 


One of several trips made to col- 
lect material for study of the several 
aspects of floral morphology in the 
Ericales was up Mt. Washington, 
N. H. This trip was during the lat- 
ter part of June 1949, in the com- 
pany of Dr. Stuart K. Harris of 
Boston University, who is well ac- 
quainted with the flora of the Presi- 
dential Range. Here, at the head of 
Oakes Gulf, a single patch of Cas- 
siope hypnoides (L.) D. Don was 
found. The flowering material was 
carefully removed and placed in 
Conant’s modification of Navashin’s 
killing and fixing solution. The ma- 
terial was dehydrated in an ethyl 
ralcohol-tertiary butyl alcohol series 
and embedded in paraffin. Both cross 
and longitudinal sections were cut 
at 10 ». Three different stains were 
used: Kraus’ modification of Flem- 
ming’s triple, Foster’s tannic acid- 
ferric chloride-safranin, and Heiden- 
hain’s iron alum hematoxylin with 
Orange G. The latter two were more 
satisfactory, but of these it was 
easier to prevent overstaining of em- 
bryo and endosperm by using the 
last. The flowers of this one collee- 
tion proved on study to show the de- 
velopmental stages immediately fol- 
lowing fertilization, and it is these 
which are reported here. All draw- 
ings were done with a camera lucida 
at the same magnification, each from 
a single section if possible, but oc- 
~* This investigation was aided by a grant from 


the Dr. Wallace ©. and Clara A, Abbott Memorial 
Fund of the University of Chicago. 


casionally two adjacent sections were 
combined into a composite figure. 


OBSERVATIONS 


The pistil in Cassiope hypnoides 
is five-carpellate. A large downward 
projecting placenta is axile in posi- 
tion in each of the five locules at the 
base of the ovary. In the upper por- 
tions a split in the central column, 
continuous with the stylar canal, 
extends radially and divides each 
placenta into two portions so that 
the placentation becomes parietal 
with the placentae extending very 
deeply into the single locule. The 
ovules are small and very numerous 
—seventy to-eighty per locule. They 
have been called anatropous but are 
are not strictly so, as there is a defi- 
nite bend in the chalazal end of the 
gametophyte. Their orientation on 
the placentae is somewhat varied, 
so that sections suitable for study 
of developmental stages can be ob- 
tained from a relatively small pro- 
portion of the ovules in either cross 
or longitudinal sections of the flower, 
though the percentage is somewhat 
greater in the former. 

The ovules are unitegmic and 
tenuinucellate. The single integu- 


ment is from four to six cell layers 
in thickness and broader in the re- 
gion of the raphe. The nucellus has 
disappeared by the time the mega- 
gametophyte is mature except for 
oceasional disintegrating cells seen 
at the chalazal end. The inner layer 
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of the integument, surrounding the 
region of the nucellus, differentiates 
as an epithelial layer with cells 
elongated perpendicularly to the 
long axis of the ovule. The cells of 
this layer usually contain more cyto- 
plasm than other integumentary 
cells. The outer layer of the integu- 
ment, except for a few cells around 
the micropyle, are filled with an 
opaque, highly stainable material, 
thought to probably be tanniniferous 
in nature. 

An occasional ovule showed a ma- 
ture megagametophyte. In every 
case where one was observed, it 
seemed apparent that no pollen tube 
had reached that ovule and that the 
thus unfertilized gametophyte was 
beginning to disintegrate (fig. 1). 
The micropylar region of the game- 
tophyte, containing two rather large 
synergids and the egg, is slightly ex- 
panded anterior to the epithelial 
layer of the integument. The second- 
ary nucleus (fused polars) is located 
just back of the beginning of the 
epithelial layer, while the narrower 
slightly bent chalazal region is oc- 
eupied by three small antipodal cells. 
These normally occur in the form of 
a T rather than linearly, though the 
latter condition is found on rare 
occasions. The two cells located side 
by side usually occur at the very 
end, but oceasionally the single cell 
oceupies this position. Because the 
antipodals are located in the curved 
end of the gametophyte it is neces- 
sary to have a longitudinal section of 
the ovule cut through the raphe to 
see them. Sections cut at right 
angles, or almost right angles, to 
this plane will show most of the 
gametophyte (or endosperm), but 
not the antipodals. 


The penetration of the pollen tube 
destroys one, and usually both, of 
the synergids. Occasionally one syn- 
ergid will persist for a short time 
after fertilization (fig. 4). Appar- 
ently the fusion of egg and sperm 
and secondary nucleus and sperm 
oceurs rather rapidly, the former 
somewhat more rapidly than the lat- 
ter. In all instances where a pollen 
tube had penetrated the micropyle, 
a zygote with a single nucleus was 
observed, but in at least two cases 
the fusion of the sperm with the 
secondary nucleus was not complete. 
The antipodals may start to disin- 
tegrate even prior to fertilization, 
but the process is rather slow and 
their remains can be distinguished 
for a considerable period subsequent 
to fertilization (fig. 8). Immediately 
after fertilization (fig. 2), there- 
fore, an embryo sac shows a zygote 
and the remains of pollen tube and, 
synergids at the micropylar end, the 
primary endosperm nucleus in the” 
center, and disintegrating antipodals 
at the chalazal end. The remains of 
the pollen tube and synergids may 
also persist for a considerable period 
of time. 

During subsequent development, 
the most anterior cells of the epi- 
thelial layer of the integument re- 
main elongated in the usual fashion 
and, with the expansion of the em- 
bryo sae both in front of and behind 
this, form a narrow constricted area 
near the micropylar end of the em- 
bryo sae. The region anterior to 
the constriction forms the micropy- 
lar haustorium, while the main bulk 
of the endosperm and the embryo 
proper develop posterior to the con- 
striction. The epithelial cells of the 
integument posterior to the constric- 
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Cassiope Hypnoides 


Fias. 1-8.—Cassiope hypnoides, about x365. 


phyte beginning to disintegrate. Fig. 2, zygote and primary endosperm nucleus. 
Figs. 3-8, stages in the development of endosperm and zygote. 


tion become considerably flattened in 
the direction of the long axis of the 
ovule during the expansion of the 
endosperm (fig. 12). 

The initial stages of endosperm de- 
velopment precede those of the 
zygote and embryo. The first divi- 





Fig. 1, unfertilized megagameto- 


sion of the primary endosperm nu- 
cleus (fig. 3) is oriented parallel to 
the long axis of the embryo sac, and 
is followed by cell wall formation 
thus dividing the embryo sac into 
two approximately equal chambers 
(fig. 4). These two cells divide 
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’ 
Figs. 9-12.—Cassiope hypnoides, x365. Later stages in development of endo- 
sperm and early stages in development of embryo. 


again, the micropylar one slightly 
in advance of the chalazal (fig. 5), 
and again nuclear division is fol- 
lowed by cell division (fig. 6). As 
shown in figure 6, the nuclei lie close 
to each other and to the separating 
wall immediately following a divi- 
sion, but soon move to occupy a cen- 
tral position in the cell as seen in 
figure 4. The second division of the 
endosperm results in a linear tier 
of four cells; the wall of the micro- 
pylar cell is located just posterior 
to the constriction and the chalazal 
cell extends back into the narrow 
region containing the antipodals. 
Subsequent divisions may vary a 
little in their order of occurrence. 
Frequently the chalazal endosperm 
cell divides transversely forming a 


linear sequence of five cells (fig. 7). 
Occasionally longitudinal divisions 
of one or both of the two central 
cells may precede this transverse 
division, but they more frequently 
follow it. Figure 8 shows both types 
of division completed. Rarely divi- 
sion of the chalazal cell may be longi- 
tudinal rather than transverse (fig. 
9). Longitudinal division of the 
micropylar cell follows (figs. 9, 10). 
Subsequent divisions oceur in vari- 
ous planes in the cells derived from 
the two central cells, and in the 
micropylar one of the two derived 
from the chalazal cell, of the endo- 
sperm quartet; transverse divisions 
may oceur in the micropylar cells 
at about the level of the constriction 
(figs. 11, 12). The most anterior 
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cells of the endosperm form the 
micropylar haustorium, and the most 


- chalazal cell (or, rarely, cells), which 


usually has more cytoplasm than the 
cells just anterior to it (or them), 
can probably be considered as form- 
ing a little-developed (at least in 
this young material) chalazal haus- 
torium (figs. 9, 12). 

The development of the zygote and 
embryo lags behind that of the endo- 
sperm, but the earliest stages of 
embryogeny are accomplished dur- 
ing the endosperm divisions de- 
scribed above. At first the zygote is 
an essentially globular cell located 
anterior to the micropylar constric- 
tion (figs. 2, 3, 4). At about the 
four-celled stage of the endosperm 
the zygote starts to elongate in a 
chalazal direction (figs. 5, 6), passes 
the region of constriction (figs. 7, 
8), and penetrates the main body of 
the endosperm to about the level of 
the third cell of the original endo- 
Sperm quartet (fig. 9). Most of the 
cytoplasm of the zygote remains near 
the tip of the highly elongated cell 
and its nucleus is also located in this 
position (figs. 7, 8,9). The first divi- 
sion of the zygote is transverse (fig. 
10), cutting off a small terminal eell 
from a much elongated suspensor 
eell. The plane of the second divi- 
sion (fig. 11) was not determined. 
Figure 12, which is of a later stage 
in development, shows a somewhat 
longitudinal division of the terminal 
cell and an intercalary division in 
the lower suspensor cell, so it may 
be that the second division of the 
embryo proper approaches the longi- 
tudinal and that the suspensor is 
derived by intercalary divisions. The 
small size of the terminal cell in 
figure 12 as compared to figure 11, 
however, suggests that the second 


division may be transverse, cutting 
off a short, highly cytoplasmic termi- 
nal eell, and a longer cell which 
forms part of the suspensor. The 
intermediate stages necessary to de- 
termine the actual sequence of divi- 
sions here were not found in the 
available material. 


DIscUSsSION 


Several papers have been written 
which are concerned with megagame- 
tophyte development and/or certain 
phases of seed development in the 
Ericales. Artopoeus (1) and Peltri- 
sot (10) described a few species in 
somewhat general terms without 
much detail. Samuelsson (11) has 
given a more thorough treatment 
and one of the species he considered 
was Cassiope hypnoides though this 
is not described in detail. Stevens 
(14) followed the development of 
the endosperm and embryo in Epi- 
gaea repens, and more recently Cope- 
land (3-6) has described certain 
stages of development in some of 
the Pyroleae, Monotropoideae, and 
Rhododendroideae. Schnarf (12) has 
summarized the information on the 
Ericales up to 1930, and Johansen 
(7) has summarized the work on 
embryogeny. 

The Ericales are apparently char- 
acterized throughout by unitegmic, 
tenuinucellate, almost anatropous 
ovules. The megagametophyte is of 
the Polygonum (Normal)-Type (8). 
The nucellus disintegrates and fre- 
quently the inner layer of the integu- 
ment differentiates as an epithelium 
surrounding the megagametophyte. 
The polar nuclei may fuse prior to 
fertilization (the pollen tube pene- 
trates porogamously ) or occasionally 
fusion may be delayed so that a 
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triple fusion leads to the formation 
of the primary endosperm nucleus. 
The antipodals in most cases are 
small and degenerate rather early. 
Except for Peltrisot, and Brough 
(2) on Styphelia (Epacridaceae), 
all the authors mentioned above have 
described endosperm development as 
cellular, with the first divisions re- 
sulting in a linear tier of four cells. 
Subsequent divisions are followed in 
less detail. All, except for the Dia- 
pensiaceae (11), appear to be 
characterized to a greater or lesser 
extent, by the development of micro- 
pylar and chalazal endosperm haus- 
toria. These haustoria are frequent- 
ly small in the Pyroleae, but may be 
quite large in the Vaccinioideae or 
Arbuteae. The micropylar hausto- 
rium is frequently larger and con- 
tains more cells than the chalazal 
which often is unicellular. The time 
of appearance of the haustoria is 
variable. The region of the micro- 
pylar one may become apparent even 
before fertilization and the chalazal 
shortly thereafter, as in Cassiope 
hypnoides, or neither may appear 
until the endosperm has undergone 
considerable development, as in Epi- 
gaea repens where there are approxi- 
mately fifty cells in the endosperm 
before the haustoria develop (14). 
Cassiope hypnoides corresponds 
closely to these characteristics. Sam- 
uelsson (11) has deseribed the first 
division after the four-celled stage 
of the endosperm to be longitudinal 
or oblique. This type of division was 
seen in the present study, but per- 
haps more frequently the division 
was transverse in the chalazal cell 
of the quartet. He has also described 
and figured the older seeds of Cas- 
siope hypnoides as having two dis- 
tinct endosperm haustoria, the mi- 


cropylar better developed than the 
chalazal. This would be expected 
on the basis of the present study. 

The details of the sequence of divi- 
sions in the embryo are inadequately 
described for most of the Ericales 
and in most cases the pattern of the 
embryo development cannot be as- 
signed to one or another of Johan- 
sen’s types (7). The only clear case 
is Souéges’ (13) study of Pyrola 
rotundifolia which Johansen elassi- 
fies in the Myriophyllum Variation, 
Caryophyllad Type. Other possible 
assignations to types are to other 
variations of the Caryophyllad 
Type, to the Onagrad Type, and to 
the Solanad Type. None of these, 
however, are for plants in the An- 
dromedeae, the tribe in which Cas- 
siope is placed, or even in the Eri- 
caceae proper. The critical early 
stages and necessary older materials 
are missing from the present study 
so that no definite assignation to* 
type can be made for Cassiope hyp-» 
noides. 

The first division of the zygote 
is transverse, thus the Piperad Type 
of embryo is eliminated. If the sec- 
ond division is longitudinal the em- 
bryo would probably belong to the 
Onagrad Type. If, on the other 
hand, it is transverse, as may be the 
case, it is more probably of the Sola- 
nad Type; the basal cell becomes 
so elongated and crushed that it 
would not be expected to take much 
part in the formation of the embryo, 
and there appear to be intercalary 
divisions in the suspensor, though 
only one embryo old enough to show 
this was observed. 

The general characters of the 


early seed development are appar- 
ently so similar within the order that 
they cannot serve as characters of 
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taxonomic importance for distin- 
guishing between tribes or genera. 
It is possible, however, that a thor- 
ough study of the sequence of divi- 
sions in the endosperm and embryo 
of a number of species might show 
slight variations which would be of 
taxonomic use at these lower levels. 
These could then add to the usual 
morphological characters, studies of 
floral anatomy (such as the author’s 
recent paper on Andromedeae (9) ), 
and other morphological features, in 
determining relationships within the 
various families, subfamilies, tribes, 
and genera. 
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CHEMISTRY 


MOLECULAR WEIGHTS BY SURFACE TENSION 
WITHOUT USE OF BALANCE 


G. W. THIESSEN anp GEORGE CYPHER 
Monmouth College, Monmouth 


A routine physical chemistry ex- 
periment is the determination of 
surface tension of a liquid by the 
height it ascends into a capillary 
tube. By equating surface-tension 
foree upward and gravitational 
force downward at the circle of con- 
tact between liquid surface and tube 
wall, it is deduced, for a small tube, 

rhdg 
that y == ——, where 7 is the sur- 
2 

face tension in dynes per cm., r the 
radius of the capillary in em., d the 
density of the liquid in gms. per ee., 
g the acceleration of gravity in cm. 
per sec.”, and h the height of capil- 
lary rise in em.; A is usually meas- 
ured by a seale attached to, or 
engraved on, the capillary, but some- 
times by a cathetometer. 

Instead of measuring h directly, 
a manometer filled with a liquid of 
known density may be used to create 
a pressure which depresses the capil- 
lary meniscus to its free-surface 
level. Water is a convenient mano- 
metric fluid. The pressure it creates 
may be applied positively to the top 
of the capillary or negatively to an 
otherwise air-tight vessel holding the 
sample liquid, at the capillary’s bot- 
tom. The latter is preferable, as it 
minimizes contamination of the me- 
niseus by water-vapor diffusion. The 
essential arrangement is shown in 


figure 1. In either case, the pressure 
of h’ em. of water becomes h’d’g 
dynes per sq. em., d’ being the den- 
sity of water. This exerts a down- 
ward force of IIr*h’d’g dynes on the 
capillary meniscus. If the meniscus 
be restrained from rising by this 
rh’d’g 





force, yY equals The new 
2 

equation for restrained rise is very 

like the old one for free rise, there- 

fore: only hh’, the ‘‘repressing 

head,’’ replaces h, the ‘‘free rise,’’* 
and d’, the density of water, re-+ 
places d, the density of the liquid 

being investigated. 

Besides the convenience of apply- 
ing the scale to the external mano- 
meter rather than the internal capil- 
lary, the manometric method has two 
other advantages: (1) the density 
of the unknown liquid need not be 
determined to get the surface ten- 
sion; (2) the same cross section of 
tube is used in successive measure- 
ments, so that nonuniformity of 
diameter is not a source of error if 
surface tension only is sought. 

It is not necessary to determine 
in advance the density of the un- 
known liquid, but this density may 
be found during the experiment’s 
course. If the tube’s bore is 
uniform and its length graduated, 
then y may be expressed both as 

















Molecular 
rhdg rh’d’g 
and , whence hd = h’d’, 
2 2 
h’ 
or d = ——d’. The principle is that 
h 


of Hare’s balancing columns. The 
accuracy suffers from the shortness 
of the columns involved, but this 
fact promotes economy of fluid. 
The ability of this simple appa- 
ratus to give the surface tension and 
the density suggests the possibility 
of using Ramsay and Shield’s modi- 
fication of the Eétvés equation to 
determine the molecular weight of 
the liquid being studied. If this 
could be done with simple desk 
equipment, without recourse to the 
analytical balance which is usually 
remote from the fume-laden organic 
chemistry work space, it would be 
helpful in routine organic qualita- 
tive analysis. The equation reads: 
y (M/d)?/8 = 2.12(t,-t-6) 
, or . 
2.12 
M = d[——(t,-t-6) ]/? 

Y 
M being the required molecular 
weight, ¢. and t, respectively, the 
centigrade critical temperature of 
the subject liquid and actual tem- 
perature of the experiment. Since, 
as an approximation, t. + 273 = 
3/2 (t) + 273) or t = 3/2 tr 
+ 137, t, being the normal boiling 
point of the given liquid, a routine 
measurement of the boiling point 
should give the final requisite datum 
for a molecular weight determina- 
tion. It would be advisable to com- 
bine the determination of the boiling 
point with the collection of a re- 
distilled sample for the surface ten- 

sion determination. 
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Although all the equations used 
in this study might be combined into 
one, this was not done for two rea- 
sons. In the first place, the resultant 
expression is unwieldy; second, it 
precludes checks on intermediate re- 
sults, viz. density and surface 
tension. 

A test setup was made, using a 
thermometer tube with the degree 
marks for a scale. Its uniformity 
was checked by moving a column of 
mercury through it, and noting the 
virtually constant number of degree- 
marks subtended by it as it pro- 
gressed through the tube. The dia- 
meter of the bore was calculated 
from the length and weight of this 
column and from the density of mer- 
eury. A conversion factor was de- 
termined by measurement to enable 
the degree marks to be translated to 
centimeters. The side-necked test 
tube (fig. 1) was replaced by a wider 
test tube, through whose stopper 
passed the capillary, a thermometer, 
and the manometer connection. A 
T-tube was arranged between the 
manometer and this connection to 
permit quick atmospheric communi- 
cation to the interior by removal of 
a pinch clamp, for determining h. 
The usual precautions of cleaning 
and rinsing the apparatus, especially 
the capillary, were observed; and 
of manipulating the meniscus (by 
the manometer) about the position 
of equilibrium. A light held behind 
the capillary was found most useful 
in following the movements of: the 
meniscus. Our particular tube had 
a diameter of 0.01556 em., and 
0.1775 em. per degree-mark. We 
considered this diameter about 
right ; meniscus movements were an- 
noyingly sluggish with much smaller 
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Wide test tube 

Rubber stopper, 3-hole 

Copillory tube 

Connection and air vent (normally 

closed by pinchclamp not shown) 
, M' Manometer 

Scale 
T Thermometer 
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Fie. 1—Apparatus for molecular- 
weight determination by E6tvés equa- 
tion. 


ones, but the rise was too low for 
accuracy with larger. 


Here is the record of a typical 
experiment. Subject, acetone. Tem- 
perature, 27° C. Free rise, 41.3 de- 
gree-marks, or 7.33 em. Repressing 
water head, 5.75 em. Density found, 
0.782 at 27°; handbook, 0.792 at 
20° C. Surface tension found, 21.8 
dynes/em.; handbook, 23.7 at 20°. 
Boiling point, 56° C; critical tem- 
perature found from it, 221° C.; 
handbook value, 235° C. Molecular 
weight by the Ramsay and Shields- 
Eétvés equation, 61.2; stoichiomet- 


ric, 58.1; error, 5 percent. If litera- 
ture values are taken for the density, 
surface tension, and boiling point, 
and the molecular weight calculated 
by the above equation, a molecular 
weight of 57.7 emerges, in error only 
1 percent. 

In table 1 are shown for several 
compounds the density, surface ten- 
sion, and molecular weight; in par- 
allel lines, for each substance, are 
given, first, values derived from the 
literature for each compound, and, 
second, those derived by student ex- 
perimentation in our apparatus. It 
may be deduced from this table that 
large systematic errors may be ex- 
pected in this determination, and 
that most of the error springs from 
the equation rather than from the 
apparatus used. 


Considering that the manometric 
surface-tension method gave values 
of the molecular weight not ex- 


tremely discrepant from those de-* 


rivable from published data, we 
next inquired into the limiting ac- 
curacy of the method based only 
on the literature values of the den- 
sities, surface tensions, and boiling 
points, of a large number of typical 
simple organic compounds. The re- 
sults are shown in table 2, in which 
the compounds are grouped fune- 
tionally. It appears that consider- 
able errors may be expected in very 
many cases. 


The loosest approximation in the 
calculation is the formula connect- 
ing the absolute critical and boiling 
temperatures by a factor of 3/2. 
To see if this was the main offense 
against accuracy in the proceedings, 
the percentage error in this caleula- 
tion of the critical temperature was 
checked against that in the molecu- 
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TABLE 1.—TyYPICAL PRECISION OF THE METHOD 


L: taken from literature; CL, Calculated from literature values 
E: found by our experiments; CE, calculated from our expt. values 












































Compound Density Surf. tens. Mol. wt. % Error 
PIN ae Se ane HH Oe 0.792 L 23.7 L 57.7 CL —1 
0.782 E 21.8E 61.2 CE +5 
DUES GEOR Bot oR cedars 3's 1.050 L 39.7 L 109.8 CL +2 
1.045 E 35.7 E 128.5 CE +16 
Carbon tetrachloride............. 1.595 L 26.7 L 121.0 CL —21 
1.560 E 25.3 E 125.0 CE —19 
PE WS SPRL Oe ee 1.049 L 27.6 L 103.8 CL +73 
1.005 E 25.6 E 113.5 CE +87 
eh coh an CORE EE Oe 1.199 L 43.4 L 113.8 CL —8 
: 1.235 E 43.2E 116.5 CE —5 
Ether (Ethyl).............02.00. 0.714L | 17.0L | 65.5CL | —11 
0.705 E 16.15 E 67.3 CE —§Q 
Carbon disulfide... 55.0.6 ss 52. 1.263 L 31.4 L 53.1 CL —30 
1.285 E 31.3 E 51.6 CE —32 
OSs Picstsle Gun cauimintcn ts 1.022 L 42.6 L 86.0 CL —8 
1.185 E 42.3E 98.2 CE +5 
EGET ee ere ee 1.498 L 27.1 L 94.2 CL —21 
1.490 E 26.0 E 95.2CE | —20 




















lar weight for some random cases. 
The results are shown in table 3. 
From this, it may be inferred that 
this approximation is not the sole 
source of error; that it often is not 
the major one; and that sometimes 
its error cancels other errors in the 
calculation. 

In nine cases, the largest error 
found in the temperature approxi- 
mation was 16-20 percent, for the 


compounds chloroform-methylene 
chloride, ethyl bromide. The error 
was positive for isovaleric acid 
and phenetole, negative for all the 
others. It was less than 5 percent 
for acetic acid, phenetole, toluene, 
and aniline. 

Returning to a consideration of 
the overall percentage errors in the 
molecular weights shown in the final 
columns of table 2, the need for the 
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TABLE 3.—CRrITICAL TEMPERATURE VS. MOLECULAR WT. ERRORS 
‘ Acetic | isoValeric 
Substance acid acid Anisole | Phenetole | Toluene Aniline 
% Error: 
te —2 +10 0 +5 —6 —3 
M +73 +63 —13 —7 —12 —8 


























following restrictive rules upon the 
use of the modified Eétvés equation 
seems evident : 

(1) The proposed method should 
not be used until the functional class 
of the compound has been found. 

(2) It should not be applied to 
acids. 

(3) It should not be applied to 
alcohols boiling at less than 100° C. 

(4) For other substances includ- 
ed in table 2, values within 10 per- 
eent of correct for the molecular 
weight may be expected if the 
Eétvés values be corrected by the 
following percentages: (a) for al- 
cohols, —10; (b) for ketones, 0; (c) 
for hydrocarbons, +10; (d) for 
nitro compounds, +5; (e) for 


amines +5; (f) for nitriles, —15; 
(g) for esters, +5; (h) for other 
compounds, numbers depending on 
studies of more examples. 

The determination of the mole- 
cular weight of a selected unknown 
by this method has been used as an 
assigned experiment in the physical 
chemistry course at Monmouth Col- 
lege. 

Caleulation of the approximate 
parachor P = (M/d)v*% could be 


done by the proposed apparatus , 
without the use of the balance if 


the molecular weight were already 
known. 


BIBLIOGRAPHY 


GLASSTONE, Text-Book of Physical Chem- 


istiy. Van Nostrand, 1940, pp. 473-487. 








in 
of } 
nan 


rest 
tre! 
per 
fue! 
oil | 
ing 
whe 
star 


whe 
the 
soul 
a st 
, 
con: 
soul 
lem 
the 
stra 
Thi: 
war 
cons 


quil 
inte 
and 
favc 
sign 
solu 
prol 


1E. 
the U 
1949, 








Illinois Academy of Science Transactions, Vol. 44, 1951 65 


GEOGRAPHY 


DISTRICT HEATING WITH COAL 


WESLEY CALEF 
University of Chicago, Chicago 


A recent article’ called attention 
in an arresting manner to a fact 
of high significance in conservation : 
namely, that though the total energy 
resources of the United States are 
tremendous, coal constitutes 98.8 
percent of our total known fossil 
fuel energy reserves. Moreover, our 
oil and natural gas reserves are be- 
ing depleted at an astonishing and, 
what is even more significant, a con- 
stantly increasing rate. 

It is an axiom of conservation that 
when no disturbing factor is present, 
the substitution of an abundant re- 
source for one in short supply is 
a strongly conservative measure. 

Unfortunately, in dealing with the 
conservation of nonrenewable_re- 
sources, though the depletion prob- 
lem is clearly recognized, too often 
the sole remedy suggested is re- 
straint in the use of the resource. 
This paper discusses a highly re- 
warding measure looking toward the 
conservation of our energy resources 
—district heating. It is a matter re- 
quiring careful consideration by all 
interested in resource conservation 
and urban planning because, under 
favorable circumstances, it can make 
significant contributions toward the 
solution of an amazing variety of 
problems in these two fields. More- 
“4&, Willard Miller, “Mineral Fuel Situation in 


the United States,’ Jour. Geog. Vol. XLVIII, Nov. 
1949, p. 318, : 


over, it is a technique which is not 
widely appreciated and understood. 

District heating refers to the heat- 
ing of several buildings or even 
several hundred buildings from one 
heating plant instead of by an in- 
dividual combustion installation in 
each building. It is sometimes re- 
ferred to as central heating, but be- 
cause this latter term is often used 
to distinguish between the heating 
of one building from a single source 
of heat and the heating by units 
located in individual rooms, the term 
district heating seems preferable. 

Steam or hot water is produced 
at one large central station and dis- 
tributed by underground pipes to 
the individual buildings. The build- 
ing owners pay for the steam either 
at a flat rate, by the amount of steam 
used as measured by a meter, or by 
other types of rate arrangements. 
Where large amounts of water are 
available, air conditioning is possible 
from central steam plants. It is a 
public utility. 

Under appropriate circumstances 
it is as sound an investment from 
an economic viewpoint as is any 
other public utility. Moreover, if it 
were completely developed it would 
dwarf any other public utility in 
size. One need only compare his 
annual expenditures for gas, elec- 
tricity, or water with his annual 
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expenditures for heating his home 
to check the validity of the foregoing 
statement. 

Practically no concrete figures are 
available to show the financial as- 
pects of a district heating unit. This 
is true for a variety of reasons. The 
two most important are: (1) almost 
all district heating companies in the 
United States are primarily in the 
electric generating business, and 
steam for heating is a subsidiary, 
byproduct enterprise. Hence cost 
figures and profits statements are 
uninformative, and (2) the enor- 
mous technological improvements 
(especially in the construction of 
distribution mains) during the last 
15 years have greatly increased the 
efficiency and profitableness of large 
steam distribution systems. Despite 
the dearth of direct financial evi- 
dence, there is no doubt of the eco- 
nomic feasibility of the technique.” 
Moreover the industry is more wide- 
spread than is generally realized. 


District HEATING INDUSTRY 


District heating is not a new de- 
velopment. The sale of steam as a 
commercial enterprise began in 1879 
at Lockport, New York.* The in- 
dustry has been growing slowly ever 
since. Nor is it sconfined to the 
United States, though the technique 
is confined to the major industrial 
nations. The three leading nations 
in the industry are the United 
States, Germany, and the Soviet 
Union. There are smaller develop- 
ments of district heating in Belgium, 


2 Anyone interested in pursuing further the 
economics of district heating will find detailed dis- 
cussions in: Roger De Wolf, ‘“‘An Economic 
Analysis of Central Heating,” American City, Sept. 
1946, p. 131; R. L. Fitzgerald, “Central Steam 
Heating—a Post-War Reality?’’ American City, 
May 1945. p. 109. 

* “Central Heating,’ Business Week, March 17, 
1945, p. 42. 





The Netherlands, and France, and 
a few isolated developments in other 
European nations and the British 
Isles. 


Some foreign developments. — 
Paris has a major district heating 
system. From the time of its in- 
ception until 1938 it expanded 
steadily, by which time the mains 
reached as far as four and a half 
miles from the heating plant. No 
attempt was made to integrate the 
heating system with the production 
of electric power because the main 
steam load occurs in the morning 
and the principal electrical demand 
is in late afternoon.* A larger pro- 
ject for the future envisions supply- 
ing heat to the entire city from three 
electric plants already in existence, 
located at the points of a triangle 
about eight miles apart. 


Some of the largest, oldest, and 
best-integrated district heating sys, 
tems in the world are located in 
Germany. District heating systems 
are found in Berlin, Chemnitz, 
Karlsbad, Karlsruhe, Beelitz, Hei- 
delberg, and Stettin. In some cases 
they are integrated with electric 
generating plants, in others with the 
production of steam for power, and 
with large-scale industrial develop- 
ments exploiting low-grade lignite 
deposits. Other European cities with 
similar systems are Vienna, Oslo, 
Zurich, Lausanne, and Copenhagen. 

District heating in Russia began 
shortly after the founding of the 
Soviet regime. Just before the war 
the Soviet Government was pushing 
the program of expansion vigorous- 
ly. The earliest Soviet district heat- 
ing plant was converted from an old 





4P. Serechewsky, “District Heating in Paris,” 
Proceed. National District Heating Assoc., 1948, 
pp. 20-22. 
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Leningrad power station in 1924. 
This worked out so successfully that 
other plans were immediately initi- 
ated. The early district heating sta- 
tions were constructed largely to 
supply heat to factories, but eventu- 
ally the service was extended to the 
adjacent workers’ settlements. The 
predominant heating medium in the 
Soviet Union is hot water.’ As the 
development progressed the heating 
plants carried on byproduct power 
generation. They became, in fact, 
public utility stations supplying the 
adjacent areas with heat, power, and 
hot water. 


Economic considerations as usu- 
ally conceived were not always the 
primary consideration in the build- 
ing of the plants. Many of the plants 
were established in the north and 
east in order that low-grade local 
fuel and even peat might be burned 
as extensively as possible in order 
to lessen the drain on the higher- 
grade coal production from southern 
Russia, and also to lessen the strain 
on the transportation system of the 
long rail hauls from the Donbas and 
other more remote coal fields. The 
accompanying table indicates the 
rapid extension of the service. 


GrowTH or District HEATING IN THE 
Soviet UNIONé6 
1929 1933 1939 

NO. OF DIANtS. 0. 4.653 14 53 106 
Heat output per year 

(Billions of Btu) ... .. 218 874 
Electric capacity 

(Million kilowatts).. .56 5.3 17.5 


Certain local conditions have ma- 
terially aided the successful opera- 
tion of the Soviet plants. The win- 
ters are long and cold, and a high 

> “District Heating in Russia,” Heating and 
Ventilating, March 1944, p. 82. A report of an 


address by Mr. Paul G. Kaufman before the Royal 
Netherlands Institute of, Engineers. 


proportion of the heat is furnished 
to factories. Both these factors in- 
sure a steady and long-continuing 
demand. Moreover the Russians 
have the advantage of being able 
to bring all space in the area under 
the heat load of a single station. 
Finally, slight modifications to bring 
the heat and power load into close 
conformance are quite possible. 

It is highly significant to note, 
with regard to the feasibility of dis- 
trict heating, that the plan for the 
rebuilding of the central portion of 
Rotterdam calls for a complete dis- 
trict heating system. There is to 
be one main plant and two substa- 
tions. The two substations will be 
for supplementary service during 
periods of very low temperatures 
and will also perform standby fune- 
tions. The heating medium is to be 
hot water. It is estimated that there 
will be substantial savings in con- 
struction materials and a coal sav- 
ing of 28,000 tons annually.’ 

Though district heating systems 
have been very small in Britain in 
the past, interest in a widespread ex- 
tension is very great. A thorough 
investigation of the matter has been 
undertaken by a government com- 
mittee and their report is an excel- 
lent short discussion of the subject.® 

District heating in the United 
States. — The United States has 
about 200 district heating systems 
selling to the public. There are ap- 
proximately 1,200 systems privately 
operated or selling to some closed 
organization of customers.® A _ set 
of college buildings all heated from 


® Ibid. 

™M. CC. Hoenkamp, “Stadsverwarming Retter- 
dam,” Bouw Rotterdam, May 1947, pp. 31-33. 

‘Interim Memorandum on District Heating, De- 
partment of Scientific and Industrial Research, 
London. His Majesty's Stationery Office, 1946. 

"R. De Wolf, op. cit. 
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a central station would be an ex- 
ample of the latter. 


The largest district heating sys- 
tem in the United States is that of 
the New York Steam Corporation. 
It is a subsidiary of the Consolidated 
Edison Company—an electric util- 
ity. The tremendous size of the sys- 
tem may be judged from the fact 
that it serves about 16 percent of 
the heating requirements of the en- 
tire city of New York. Its market 
is Manhattan Island, with the great- 
est per-acre heating requirements in 
the world. Despite this enormous 
space-heating business, the sale of 
steam is only an ancillary operation 
to the principal business of the par- 
ent company—electric power gen- 
eration. This is a characteristic of 
almost every district heating system 
in the United States. They are not 
primarily in the steam business ; they 
are in the electrical business.’” 


Other large district heating sys- 
tems are located in Detroit, Cleve- 
land, Chicago, and such smaller 
cities as Akron, Youngstown, Indi- 
anapolis, and Rochester, New York. 
Lansing, Michigan, is the largest 
city in the United States with a 
municipal steam utility. 


The Detroit system is an adequate 
example. It serves an area three and 
a half miles long by one-half to two 
miles wide in downtown Detroit. 
It has approximately 1,600 cus- 
tomers. The structures include of- 
fice buildings, restaurants, facto- 
ries, department stores, hotels, 
apartments, rooming houses, and 
residences."* 


An excellent example of a smaller 


= Ibid. 


1G. D. Winans, “District Heating in Detroit,” 


Heating and Ventilating, Nov. 1946, p. 64. 
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district heating system is that of 
the Parkchester apartment housing 
group in New York. The system 
furnishes all domestic hot water and 
heat to the 35,000 residents and all 
the connected commercial establish- 
ments with a total annual coal con- 
sumption of 35,000 tons.'? The coal 
is all delivered at one point by rail- 
way hopper cars, and the ashes are 
hauled away by truck after being 
thoroughly wetted down and loaded 
entirely by machinery. Compare 
this with ordinary methods of coal 
delivery and ash removal! Some no- 
tion of fuel savings effected by dis- 
trict heating of compact units may 
be had by comparing Parkchester’s 
consumption of one ton of coal per 
year per person with the consump- 
tion per capita of individually fired 
furnaces in the latitude of New 
York. 


The district heating system at Vir-, , 
ginia, Minnesota, is one of the most 
interesting and instructive. It is the’ 
only city in the nation having a 
municipal heating plant serving the 
entire population. It is operated as 
a nonprofit enterprise. The steam 
is produced to generate electricity 
and then fed into the heating sys- 
tem. Despite the low per-acre heat 
requirements and the fact that the 
majority of the units are individual 
dwellings, the cost of the service to 
the consumer is only half the cost 
of heating a dwelling on an indi- 
vidual basis.'* It seems to indicate 
clearly that in the colder sections 
of the country a tremendous expan- 
sion of the district heating technique 
is eminently feasible. 


12-7, J. Moffett, “Parkchester Converts to Coal,” 
Heating and Ventilating, Nov. 1946, p. 64. 
“Municipal Central Heating System Serves 
Whole City,” 
1944, p. 79. 


Engineering News Record, Dec. 28, 
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VALUE TO THE INDIVIDUAL 
PROPERTY OWNER 


The extent of the gains made by 
the individual property owner by a 
change from unit heating to district 
heating depends in part on the type 
of heating equipment presently in- 
stalled, and in part on the size of 
the structure he owns. Certain gains, 
however, accrue to all property 
owners. 


There is a considerable increase 
in the reliability of the heat supply. 
This is a matter of major importance 
for commercial building owners and 
also for the residential property 
owner during any period when he 
may be absent. 

Net available space is increased 
in all buildings served by ‘a central 
heating station, because no space is 
required for an individual heating 
unit. Insofar as this gain in space 
is of any importance, it has a stimu- 
lating effect on the construction ‘in- 
dustry because that industry can 
furnish a larger amount of available 
space for the same price. In resi- 
dences with small, compact oil or 
gas heating units the space savings 
will be small; but in buildings or 
residences with coal-fired furnaces 
with a large bin for coal storage the 
net gain may reach as high as a 
third of the total cubic contents of 
the house. 


Regardless of the type of structure 
or the type of individual heating 
unit used, the fire hazard is materi- 
ally lessened by district heating. 
Where district heating is wide- 
spread, insurance rates are consider- 
ably lower. 


All furnace labor is done away 
with. 


It will be noted from the above 
discussion that most of the advan- 
tages of district heating as con- 
trasted with the coal-fired furnace 
ean also be gained by installing gas 
or oil heating units in a house. The 
advantages and disadvantages of 
this procedure are thoroughly un- 
derstood by everyone. It is impor- 
tant, however, to point out here 
that these disadvantages can be more 
thoroughly and completely over- 
come by a change to district heating. 


VALUE TO City PLANNING AND 
MANAGEMENT 


The control of atmospheric pollu- 
tion is a problem with which urban 
officials and city planners have long 
been wrestling. Hundreds of thou- 
sands of poorly managed, low- 
temperature fires in individual heat- 
ing units make large contributions 
to the atmospheric pollution in any 
city throughout the cold season. By 
eliminating all these individual heat- 
ing units and concentrating them in 
one large plant where the fires can 
be efficiently handled and where 
elaborate and expensive devices for 
the complete control of smoke and 
gases are possible reduces this source 
of atmospheric pollution to negli- 
gible size. It would serve as a major 
contribution to the health of the 
population, to a decrease in cleaning 
bills and expenditures for soap, to a 
reduction in the cost of cleaning and 
painting buildings, and would in- 
erease the general pleasantness of 
the city. 

The coneentration of heat-generat- 
ing processes into a single plant 
greatly reduces the fire hazards in 
a city. A study made by the Na- 
tional Board of Fire Underwriters 
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indicates that over a fourth of all 
property losses from fire are at- 
tributable to faulty local heating 
facilities.’ 

The concentration of ashes at one 
station greatly reduces the cost of 
removing them. A district heating 
plant commonly loads its ashes by 
gravity from a hopper directly into 
a truck. Such a system greatly re- 
duces the cost of removing ashes as 
well as keeping dust and dirt to a 
minimum. The added gain in clean- 
liness of a city that would result 
from the concentration of all coal 
deliveries at a single station does 
not need to be described. 

Finally, in areas of traffic conges- 
tion district heating would somewhat 
reduce the local traffic load by re- 
moving the slow-moving vehicles de- 
livering coal or hauling ashes. 


VALUE FOR RESOURCE CONSERVATION 
AND MANAGEMENT 


Past experience in the United 
States would indicate that total fuel 
requirements for heating do not ap- 
pear to be greatly lowered by a 
change from individual heating 
units to district heating. But the 
steady advance of heating technol- 
ogy may have changed this situ- 
ation; recent studies seem to indi- 
cate rather considerable fuel savings 
from district heating. To a con- 
siderable extent it is dependent on 
the per-acre heat requirements, be- 
cause the large thermal losses are 
in the distribution system. In theory 
the savings should be large. It is 
estimated that only a small propor- 
tion of all individual heating units 
are operated at more than 50 per- 
cent fuel efficiency, whereas large, 


4 Business Week, loc. cit. 


competently managed district heat- 
ing plants easily obtain about 85 
percent fuel efficiency. 

If all individual heating units 
were fired with coal the net savings 
might be zero; but for two decades 
there has been a steady and powerful 
swing away from coal toward natu- 
ral gas and petroleum as a source 
of heat. The fuel-consuming public 
intends to be free of the atmospheric 
pollution, dirt, ashes, and furnace 
labor that accompany the coal fur- 
nace. Consequently, consumption of 
fuel oil and natural gas for home 
and commercial heating has been 
steadily cutting into the market for 
coal. Few people are sufficiently 
aware of the magnitude of this 
change. One small example may in- 
dicate the trend. In 1945, over 6,000 
new heating installations were made 
in the cities of Minneapolis and St. 
Paul. New coal-burning installations 
represented only 7.8 percent of this‘ 
total. This trend seems certain to * 
continue; more and more of our 
total heating requirements are go- 
ing to be met by oil and gas con- 
sumption. 


The significance for fuel conserva- 
tion of district heating does not lie 
in the lowering of total fuel con- 
sumption; but rather in the fact 
that district heating accomplishes 
more successfully everything that is 
gained by switching to oil or gas 
heat, and simultaneously substitutes 
an abundant fuel, coal, for the 
higher-value, scarcer fuels—natural 
gas and petroleum. 


Certain other general public ad- 
vantages would acerue also. Except 
during wartime, the bituminous coal 
industry has been in poor condition 
for over two decades, and its posi- 
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tion has been deteriorating steadily. 
The industry is overexpanded, and 
at the same time its share in the 
national fuel market has been stead- 
ily dwindling. It has been desperate- 
ly looking for new markets for its 
products. A great expansion of coal- 
burning district heating plants 
would provide a new multimillion- 
ton market for bituminous coal. 


Another point of concern has been 
the serious loss of railroad revenue 
as their coal tonnages have declined 
coincident with the drop in coal con- 
sumption. A large increase in coal 
consumption by district heating 
plants would, of course, greatly in- 
crease the revenues from coal trans- 
portation by rail. 

The construction of a district heat- 
ing plant requires large capital ex- 
penditures. Following a drop in the 
level of business activity, a note- 
worthy outlet for investment funds 


and a major source of employment 


for the equipment and personnel 
of the construction industry would 
be furnished by a widespread change 
from unit heating to district heating. 


Mavsor Limirations or District 
HEATING SysTEMS 


Wherever annual heat require- 
ments are low the economic and prac- 
tical values of district heating 
dwindle. It is obviously unnecessary 
to create an expensive and elaborate 
heating system with all its high in- 
terest and amortization charges to 
service buildings in a community 
for only a small part of the year. 
Heat requirements have to be high 
throughout a considerable portion 
of the year in order to make district 
heating economical. The pertinent 


term here is ‘‘load factor.’’ The 
load factor expresses the relation- 
ship between the maximum demands 
on the heating system and the aver- 
age demand. It is expressed as a 
percentage. It is analogous with the 
load factor in electrical demand or 
the sale of natural gas. The higher 
the load factor the greater the prob- 
ability of successful operation. Long 
months of steady demand on a heat- 
ing system are necessary to the 
economical operation of the district 
heating unit. One writer has sum- 
marized the situation by saying that 
the executives of commercial district 
heating firms pray for cold weather 
like a small boy with a new pair of 
skates for Christmas. 

Various isotherms and degree-day 
lines have been proposed as marking 
the climatic limits of eonomical op- 
eration of a district heating system. 
Keeping in mind the distribution of 
population in the United States, it 
seems clear that with present meth- 
ods the northeast quarter of the 
United States represents the area 
of greatest potential and economi- 
cally most feasible development." 

But at this point it is necessary 
to remind ourselves of the possibil- 
ity of district air conditioning. One 
large manufacturer of heating and 
ventilating equipment has made an 
economic analysis which indicates 
that air conditioning from central 
stations is entirely feasible, at least 
for some types of building arrange- 
ments. No plant has ever actually 
operated to demonstrate the accu- 
racy of their analysis. For an apart- 
ment house group it was estimated 
that two-story apartment houses in 


% District heating systems are operating success- 
fully as far south as Atlanta, Georgia. 
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New York could be cooled half the 
time for a cost of $1.27 per room 
per month.'® 

One can easily visualize a situation 
where the air conditioning service 
would be the major enterprise and 
heating the subsidiary activity. It 
must be reemphasized that to do this 
with a steam plant requires large 
amounts of water. Developments 
along the line of dual-function dis- 
trict heating and cooling plants need 
to be watched closely in the future 
by anyone interested in fuel conser- 
vation and urban problems. 

A second major limitation to be 
considered with regard to the feasi- 
bility of installing a district heating 
system is the cost of converting 
buildings heated by some other meth- 
od to steam or hot water. With new 
buildings or with buildings heated 
by steam this is no problem, but 
conversion costs for private dwell- 


1% “Central Heating and Air Conditioning for 
Apartment Housing Development,’”’ Heating and 
Ventilating, Oct. 1945, p. 116. 


ings heated by some other method 
will run from $300 to $1,000 per 
unit. Many property owners will be 
unwilling to shoulder this initial 
cost. 

Another possible source of diffi- 
culty is obsolescence of the district 
heating equipment by changes in 
heating technology. Recent develop- 
ments in radiant heating, heat 
pumps, and solar heating are sug- 
gestive of the possibilities here. 

Dependence for heat on a com- 
mercial source adds one more item 
to the list of fixed costs of owning 
a dwelling. This is a matter of some 
concern to housing authorities. The 
British investigation took special 
cognizance of this problem."* 

Finally, district heating is not 
feasible in an area of scattered 
homes. At least a moderately com- 
pact development is a prerequisite 
for economical district heating. 


ee ee 7 
17 Interim Memorandum on District Heating, De- 
partment of Scientific and Industrial Research, » 
London. His Majesty’s Stationery Office, 1946. 
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SOME FACTORS IN THE INDUSTRIAL DEVELOPMENT 
OF THE PORT OF HOUSTON 


FLOYD F. CUNNINGHAM 
Southern Illinois University, Carbondale 


No southern city has displayed 
a more vigorous growth than Hous- 
ton, although its development was 
delayed. Fifty years ago it was the 
equal of Galveston in population; 
today it is almost ten times as large. 
It would be an interesting story in- 
deed to trace the industrial develop- 
ment of Houston from the day the 
first sawmills were built on the banks 
of Buffalo Bayou, more than a cen- 
tury ago, to the present-day city, a 
great agglomeration of industrial 
establishments. It was in the saw- 
mills and gristmills that the men 
of the early settlement found .em- 
ployment. From a meager beginning 
in industry the city with its port 
accessions has come to be one of the 
large metropolitan centers of the 
South with a volume of commerce 
exceeded only by New York City. 

Houston lies inland on the Texas 
Cretaceous plain a distance of about 
fifty miles from the Gulf of Mexico. 
On the plain, cattle, cotton, and rice 
thrive, and below it in great abun- 
dance are oil, gas, sulfur, and salt. 
Not far to the north are forest re- 
sourees. Farther inland to the north 
and northwest are large grain- 
producing areas. It is the use and 
movement of these products and 
their derivatives, in cooperation with 
other factors or conditions, that have 
contributed to the rapid rise of a 
great industrial center and a great 
ocean port. 


Here is an example of a city that 
dug its way to the sea, for before 
the opening of the Houston Ship 
Canal, constructed at a cost of more 
than $250,000,000, Houston was 
nothing more than a small town at 
the back door of Galveston. Man 
built the harbor and nature fur- 
nished the productive hinterland. 

A study of the industrial develop- 
ment of Houston is inseparable from 
a study of the Houston Ship Canal, 
for the canal has been one of the 
prime factors in the industrial 
growth of the city. But Houston is 
more than a great seaport. It is to 
some extent a crossroads for many 
types of transportation. It is an 
important rail hub with six trunk- 
lines connecting overland with Can- 
ada and Mexico. There is a good 
highway network radiating from the 
city, very effectively serving truck 
traffic. Houston is also well served 
by airlines, three of which render 
international service, and miles of 
buried pipe lines converge on the 
city. 

Inasmuch as the Houston Ship 
Canal has meant so much to the city, 
it is first analyzed as a factor in in- 
dustrial growth. From Bolivar 
Roads, the outer entrance to Gal- 
veston Bay, the Houston Ship Canal 
extends a distance of approximately 
50 miles to the turning basin, which 
is the head of deepwater navigation 
and a point only about four miles 
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from downtown Houston. Following 
a north-northwestward course across 
Galveston Bay, the channel enters 
the mainland 24% miles from Boli- 
var Roads. It then follows the course 
of the San Jacinto River for a dis- 
tance of 9 miles to the river’s junc- 
tion with Buffalo Bayou. It then 
extends nearly due west a distance 
of 16 miles to the turning basin. 

From very early days the civic 
leaders of Houston dreamed of the 
day when the city would become an 
inland deep-sea port and their 
dreams came to full realization in 
1915 when regular ocean shipping 
between the Port of Houston and 
the Atlantic Coast began. As pre- 
viously stated, nature offered man 
considerable encouragement to build 
a canal, for inland some distance 
extends Galveston Bay and still fur- 
ther inland the San Jacinto River 
and Buffalo Bayou. The existence 
of a waterway from the very be- 
ginning of the city’s development 
and the relative ease by which the 
existing waterway could be im- 
proved so as to admit ocean-going 
vessels were important factors in the 
undertaking of the construction of 
a ship canal. 

Although there are some defects 
in Houston’s harb/’or conditions, 
nevertheless there are many favor- 
able conditions. One of the most 
favorable conditions so far as in- 
dustrial development is concerned is 
the great amount of low shore line 
of unconsolidated materials. Much 
of both sides of the channel from 
Morgan Point to the turning basin 
is available for the building of 
wharves or piers and/or the build- 
ing of industrial establishments. 
Here we have the example of an at- 


tenuated harbor which, of course, 
has many drawbacks. 

There are several streams tribu- 
tary to the channel now navigable 
for small craft and shallow-draft 
vessels, This network of navigable 
waterways, improvable at a rela- 
tively small cost, offers great at- 
tractions to industries that are in- 
terested in water-borne commerce. 

The average rise and fall of the 
tide on the Houston Ship Channel 
rarely exceeds 14 inches. The chan- 
nel is deep enough to accommodate 
large vessels but not too deep for 
anchorage, and the bottom is favor- 
able to good anchorage. The harbor 
is free of ice and relatively free of 
fog. 

Several attempts were made by 
the people of Houston to have a ship 
canal constructed to the city. It 
was not easy to convince people that 
ships would pass up the port facili- 
ties of Galveston in order. to reach 
a port 50 miles inland. The original 
Houston Ship Canal had a minimum 
depth of 34 feet, but current au- 
thorization calls for a minimum 
depth of 36 feet throughout the en- 
tire course of the channel and at the 
turning basin. Work toward secur- 
ing a minimum depth of 36 feet is 
now underway; however, local in- 
terests are requesting Congress for 
an amended authorization to in- 
crease the depth to 40 feet rather 
than 36 feet along the lower 46 miles 
of the channel below the Sinclair 
refinery. A depth of 40 feet would 
permit the new, deep-draft super- 
tankers to reach the Sinclair re- 
finery. 

Houston’s harbor on the other 
hand does possess some defects. Al- 
though the harbor is spacious it is 
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not well arranged, and has the dis- 
advantages of a narrow elongated 
harbor. The turning basin is only 
1100 feet in diameter, adequate for 
turning the modern tankers and 
freighters that ply the waterway, but 
hardly adequate for the large vol- 
ume of commerce that passes 
through the port. Furthermore, the 
channel is somewhat narrow and 
tortuous in places. It varies in width 
from 200 feet to 400 feet. The chan- 
nel cannot be easily negotiated; 
there is always the danger of bump- 
ing into another vessel or a pier. 

Although the land is flat and in 
some places well-drained, there are 
other places that are low, wet, and 
poorly drained. There is always the 
menace of floods due to occasional 
wind and rain-storms and the region 
is not free from hurricanes. There 
is considerable silting in the channel 
which necessitates costly dredging 
operations. 

Much has been done to negate the 
unfavorable natural conditions. 
There has been considerable plan- 
ning by the Port Commission, shown 
by the splendid arrangement of the 
wharves, docks, warehouses, and 
cargo-handling facilities. There are 
79 ships’ berths and berthing space 
for 17 to 25 barges at the port. There 
is approximately 2,500,000 square 
feet of transit warehouse space and 
considerable open space at shipside 
and in storage yards adjacent to 
the channel. The generally wide 
wharf aprons expedite the handling 
of cargoes. The splendid apron rail- 
road trackage expedites both loading 
and unloading of cargoes. On the 
docks one observes the most modern 
and efficient freight-handling equip- 
ment, including locomotive cranes 


up to 50-ton capacities, a 75-ton 
stationary crane, magnets and clam- 
shell buckets, lift trucks and pallets, 
escalators and conveyors, tractors 
and trailers, and many other me- 
chanical devices for expeditious serv- 
ice. 

As a part of the port devetop- 
ment, a public grain elevator has 
been built that has a storage capac- 
ity of 3,500,000 bushels of grain. 
Two ships can be simultaneously 
loaded at the combined rate of 
100,000 bushels per hour. Vessels 
rarely spend more than 24 hours at 
the grain berths. Vacuum machines 
make possible ship-to-car or car-to- 
ship loading of copra and other bulk 
materials, and two Link Belt car un- 
loaders can dump seven railroad 
grain cars per hour. A very valu- 
able addition to the Port’s grain- 
handling facilities is the new gas- 
fired, direct-heat type grain dryer 
with a 1500 bushel-per-hour ¢a- 
pacity. 

The Navigation District maintains 
a bulk outloading plant designed to 
handle chemicals, fertilizers, and 
other similar materials from cars 
or trucks to ships. Two vegetable 
oil storage tanks are located near 
shipside, permitting the handling of 
oil between ship, tank car, and stor- 
age units. At one wharf there are 
45,000 cubic feet of refrigerated 
space. 

The Port of Houston is served by 
six major trunk-line railroads—the 
Santa Fe, Missouri Pacific, Southern 
Pacific, Missouri-Kansas-Texas, the 
Burlington Route, and the Rock 
Island. In addition there is the pub- 
lic belt railroad on both sides of the 
eanal which connects with the six 
railroads just mentioned. Known as 
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the Port Terminal Railroad, it ex- 
pedites the transfer of cars from 
one line to another. The efficiency 
of the Port is determined in a great 
measure by the prompt handling of 
eargo to and from the connecting 
railroads. 

To what extent the Intracoastal 
Canal has contributed to the indus- 
trialization of the Port of Houston 
is a question difficult to answer. 
Petroleum is the largest item moving 
over the Texas section of the canal, 
but this product is more likely to 
move through the Port and out as 
erude oil rather than move to the 
port via the Intracoastal Canal as 
crude oil for refining in the Houston 
refineries. Large quantities of salt, 
sulfur, iron and steel, machinery, 
sugar, molasses, pipe, shells, and sea 
food also move over the canal. Some 
of these either originate in the Hous- 
ton port area or are destined for the 
area. 

All these items are part and par- 
cel of the industrial facilities of the 
Port of Houston. Relative to indus- 
trial development they are both 
cause and effect. They are signifi- 
cant elements of the industrial pat- 
tern. 

A port’s efficiency to a great 
extent is determined by those re- 
sponsible for its operation. The 
Harris County Ship Channel Navi- 
gation District, created by the State 
Legislature, is responsible for the 
development and operation of the 
Port. It has constituted authority 
to acquire, construct, maintain, and 
operate wharves, warehouses, grain 
elevators, bunkering facilities, belt 
railroads, and other installations in- 
cident or necessary to the operation 
or development of the port and 


waterways within the district. The 
Port Commission or Board has juris- 
diction and control over the use of 
the Houston Ship Canal from its 
beginning in Galveston Bay to the 
turning basin at Houston 50 miles 
inland from the Gulf. It goes with- 
out saying that the Board must co- 
operate with the U. S. Army Corps 
of Engineers. 

Many things other than the physi- 
eal qualities of the harbor and the 
port facilities have been of great 
importance in the localization of in- 
dustry in the Port of Houston. Since 
the earliest days of Houston, cotton 
has been one of the principal factors 
in the growth and prosperity of the 
area. The pioneer flatboats which 
first snaked their way along the tor- 
tuous turns of Buffalo Bayou came 
to the infant village of Houston for 
the purpose of loading cotton from 
the river-bottom plantations. As 
more and more of Houston’s pro- 
ductive hinterland was put into ecot- 
ton production, the importance of 
the Port of Houston as a cotton 
market increased. It was in part to 
handle the increasing traffic result- 
ing from the expansion of cotton 
production that Buffalo Bayou was 
widened, straightened, and deepened 
into the Houston Ship Channel. 
Among the first shipside terminal 
facilities installed along its banks 
were vast warehouses and com- 
presses. The cotton warehouses, 
high-density compresses, and cotton 
mills constitute some of the most 
important elements of the industrial 
landseape. Houston is today one of 
the world’s largest spot-cotton mar- 
kets and cotton-shipping ports. 

Petroleum refining is another im- 
portant industrial achievement of 
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the Port of Houston. Petroleum in 
enormous quantities not only moves 
to the port from the region round- 
about but also from more distant 
fields in Texas and Oklahoma. The 
city has thus become a very impor- 
tant producer of gasoline, fuel oils, 
kerosene, lubricating oils, butadiene, 
and other refined products. 

Closely allied to the petroleum re- 
fining industry is the chemical indus- 
try, whose raw materials are in part 
petroleum. Three very necessary 
items — acids, hydrocarbons, and 
fresh water—are abundant: acids in 
sulfur and salt, hydrocarbons in 
petroleum and natural gas, and fresh 
water in the streams and under- 
ground reservoirs. From the Tampa, 
Florida, area, phosphate rock is 
brought by seagoing barges. Today 
some of the largest plants along the 
canal are chemical plants, including 
fertilizer works. The varied prod- 
ucts from these plants include sul- 

phurie acid, anhydrous hydrofluoric 

acid, anhydrous aluminum, chloride, 
quicklime, hydrated lime, glycerine, 
aleohol, methylglycol, chemicals for 
leather, insecticides, superphosphate, 
ammonium sulphate, phosphuriec 
acid, triple phosphate, and other 
agricultural chemicals of one type 
or another. One of the most notice- 
able developments of the Houston 
area has been the shift of the busy 
petro-chemical industries to this sec- 
tion. 

A new plant of the Ethyl Corpo- 
ration is now under construction on 
a 400-acre site between the Phillips 
Terminal and the Shell Oil Com- 
pany’s refinery. The two paramount 
factors determining the location of 
the plant are the proximity of the 
raw materials (or at least some of 


them) and the local concentration 
of refining industries. Raw mate- 
rials required for producing tetra- 
ethyl lead, ethyl chloride, sodium, 
and chlorine are metallic lead, com- 
mon salt, and petroleum gases. Pig 
lead will be shipped from smelters 
in the western states and also from 
Mexican smelters. Salt brine will be 
piped from nearby wells, and petro- 
leum hydroecarbens will be pur- 
chased from local oil refineries. 

The forests of the area early gave 
rise to sawmilling, some of the early 
mills having been located along the 
waterway which later was trans- 
formed into the Houston Ship 
Canal. Many of the plants uti- 
lizing products of the forest in one 
way or another are closely related 
to the chemical industry. Plants 
using forestal raw materials turn 
out pulp, book paper, and hydro- 
gen turpentine. One of the most 
complete paper mills in the en- 
tire South is that of the Champion 
Paper and Fibre Company, located 
on the canal and possessing its own 
wharves. The plant, the largest 
book-paper mill in the South, utilizes 
pine pulp, which originally could be 
used only for the production of kraft 
papers. Several planing mills draw 
upon the forests of east Texas for 
their raw materials. The chemical 
treatment of wood for ties, piling, 
and for other uses is a large in- 
dustry. 

The manufacture of cement has 
also become important in the Hous- 
ton area. Two large plants manu- 
facture high grade Portland and oil- 
well cement from oyster shells from 
Galveston Bay, and clay obtained 
locally. Barge wharfs are main- 
tained by both plants, and barge 
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transportation is used in the as- 
sembly of the raw materials as well 
as in the marketing of the finished 
products. Truck and rail transporta- 
tion are also used in marketing ce- 
ment. 

In addition to the harbor and port 
facilities, and to the many and 
varied raw materials, the area also 
possesses power resources. Petroleum, 
although a valuable raw material of 
industry, also becomes a valuable 
power resource after refining. The 
availability of diesel oil or other fuel 
oil has been a very important factor 
in industrial development. Many of 
Houston’s industrial plants are us- 
ing fuel oil. Almost all of the rail- 
roads use diesel locomotives. 

At this point it might be well to 
emphasize the bunkering facilities of 
Houston. Since petroleum is so 
readily available, either diesel or 
bunker ‘‘C’’ oil is obtainable from 
any navigation district dock at the 
turning basin or from the long reach 
docks by pipe connection. It is thus 
possible for ships to bunker while 


loading or discharging cargoes, thus 
saving time. In 1949 over 1,200,000 
tons of bunker fuel were taken 
aboard ships. Coal-burning ships 
would not fare quite so well here. 
Another important power resource 
readily available to the region is 
natural gas from the several gas 
fields of Texas and Louisiana. Nat- 
ural gas is a very important fuel 
in generating electricity in many of 
the new industries, particularly the 
chemical industries. Like petroleum 
it is also both a power resource and 
a raw material, and is becoming of 
increasing importance as a raw ma- 
terial. Natural gas can be made to 
yield, at a reasonably low cost, cer- 
tain relatively pure and chemically 
active hydrocarbon gases which are 
coming to have an increasing de- 
mand as raw materials. In the Hous- 
ton area these hydrocarbon gases are 
basic raw materials of chemical in- 
dustries that make synthetics. Hun- 
dreds of compounds are already pro- 
duced from natural gas and the sur- 
face has hardly been scratched. 
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RECENT POPULATION TRENDS IN ILLINOIS 


CARL SWISHER 
Northwestern University, Evanston 


Illinois grew from 7,897,241 in- 
habitants in 1940 to 8,684,531 in- 
habitants in 1950.1 This increase of 
10 percent is 4.5 percent below the 
national rate of increase during the 
same interval, but the absolute gain 
of this state exceeded that of many 
of the states having more startling 
rates of gain. Since early in the sec- 
ond quarter of this century, there 
has been a gradual population move- 
ment toward the urban centers of 
the northern part of the state. As 
a result, almost 80 percent of the 
people now live in incorporated ur- 
ban settlements of 1,000 or more. 

An analysis of these recent trends 
in population changes indicates that 
they are closely related to the con- 
ditions within economic regions. For 
the purpose of this paper the eco- 
nomic regions recently established 
by the Bureau of Census have been 
used as a basis for the mapping of 
population trends. The patterns thus 
introduced reflect a number of con- 
ditions closely associated with the 
change of population in Illinois dur- 
ing the past decade. Three cate- 
gories of change are outstanding: 
(1) those regions whose rate of in- 
crease has exceeded that of the 
state; (2) those regions that have 
increased more slowly than the state ; 
and (3) those regions that have de- 
creased in population. 

'U. S. Bureau of Census, Preliminary Population 


Report: 1950. Washington: Gov. Printing Office, 
1950, ' 


Economic REGIONS INCREASING AT 
A RATE GREATER THAN THAT 
OF THE STATE 


The economic regions that show 
a rate of population increase greater 
than that of the state as a whole are 
the four that contain metropolitan 
centers of 50,000 or more? Two of 
these regions are in the northern 
part of the state and two are in the 
central part of the state. 

The two northernmost regions, en- 
compassing the Rock River Valley 
and the Chicago metropolitan dis- 
tricts, have had a large absolute in- 
erease in urban population; how- 
ever, in each region the percentage 
of increase in rural population ex- 
ceeds that of the urban areas within 
the region or that of the region as 
a whole. This is a reflection of the 
increasing movement toward the 
rural-urban fringe of the large cities. 
Economic circumstances attract peo- 
ple toward the large metropolitan 
areas, but the city with its associ- 
ated ills discourages residence within 
the city itself. 

Although urban gains slightly ex- 
ceed rural gains in the East St. 
Louis area, there is also evidence of 
a rural-urban fringe movement in 
this economic region. It is probable 
that the influence of St. Louis, Mis- 
souri, is felt strongly on the Illinois 
side of the river. 

Conditions are different in the two 
regions in central Illinois that in- 
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creased in population at a rate 
greater than that of the state. Here 
also are recorded high urban gains, 
but rural gains are absent or less 
prevalent than in northern Illinois. 
Rural population is more nearly in 
belance with urban population in the 
central part of the state than it is 
in the northern part; hence, any 
trend toward a rural or suburban 
movement from the cities is masked 
by the flood of people leaving 
the farms. This trend is best illus- 
trated by the eonomic region con- 
taining Peoria, Springfield, and 
other smaller cities. This region had 
the greatest urban gains as well as 
the greatest rural losses during the 
past decade. 


Economic REeGions INCREASING AT 
A Rate LESS THAN THAT 
OF THE STATE 


Three economic regions increased 
in population at a rate less than that 
of the state. They are in the central 
and north-central part of the state, 
fairly close to large metropolitan 
areas. Because the rural population 
of these regions has changed little 
since 1940, the gains may be at- 
tributed primarily to urban growth. 
The rate of gain has not been large 
because the moderate;sized cities in 
these regions are not capable of ab- 
sorbing large numbers of people as 
are the cities in the regions of great- 
est gain. 


Economic REGIONS OF DECREASING 
POPULATION 


The four economic regions in 
southern and southeastern Illinois 
have had the greatest losses in popu- 
lation. The loss has been both rural 
and urban except along the Wabash 
River Valley, where activities as- 


sociated with the petroleum industry 
and war production caused at least 
a temporary increase in urban popu- 
lation. One region, the southernmost 
in the state, lost more than one- 
tenth of its population, a loss largely 
attributed to the desertion of the un- 
productive farms of the ‘‘Illinois 
Ozarks.’’ The same can be said of 
other regions that never received the 
total benefits of glaciation that are 
found in the central and northern 
parts of Illinois. 

The fifth economic region record- 
ing a loss is surrounded by regions 
that gained in population. It has 
trends comparable to those of neigh- 
boring regions. That is, an urban in- 
crease of 44 percent was coupled 
with a rural loss of 20 percent. This 
urban growth of nearly 50 percent 
may indicate that the region would 
have increased in population had 
more or larger urban centers been 
present to absorb the great numbers 
of people who left the rural areas. 


EXPLANATION OF TRENDS 


Attractive forces. — The popula- 
tion trends presented indicate that 
there must be a strong attractive 
force present in the cities. An ex- 
amination of the Census of Manu- 
facturing for 1947 shows that the 
regions attracting population also 
offer the highest wages and salaries 
to employees in manufacturing. A 
list of regions according to gains or 
losses in population is not identical 
with one showing average wage and 
salary payments, but that tendency 
is undeniably present. 

Industrial development causes a 
snowballing effect in population 
growth.’ For example, industry was 


2 Renne”. George. “Geography of Industrial Lo 
cation,’’ Economic Geography, XXIII (1947), p. 181. 
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first attracted to the Rock River Val- 
ley in northwestern Illinois by the 
abundant productive labor supply.* 
The presence of industry attracted 
other workers, markets expanded, in- 
dustry increased, and the cycle con- 
tinued until the region became the 
leading region in population growth 
the past decade. Some of the same 
conditions exist in the East St. Louis 
region, but there the emphasis is 
more on cheap unskilled labor than 
on skilled labor as it is in the Rock 
River Valley.* 

During World War II high wages 
offered by ordnance plants and by 
industry based upon a war economy 
emphasized the movement toward 
metropolitan areas. Many of the 
people remained in the cities after 
the war, and thus were influential 
in city growth during the past 
decade. 


Although no study has been made 
of the migration of returning vet- 
erans from their former homes, it 
appears likely that many moved to 
the metropolitan regions to find work 
after they returned. 


Unattractive forces. — There are 
two major kinds of unattractive 
forees evident in the recent popula- 
tion trends. The first is the limited 
employment market of rural areas, 
and the second is the previously 
mentioned unsuitability of the large 
city’s living conditions. 

The limited labor market on to- 
day’s farm is a result of ever- 
increasing mechanization as well as 
the poorer farmers’ inability to pay 
wages high enough to compete with 


* Alexander, John W., Geography of Manufac- 
turing in the Rock River Valley (University of 
Wisconsin: 1949), p. 153. 

‘ Alderfer, E. B. and Mich], H. E., Economics of 
American Industry (McGraw-Hill Publishing Co., 
Inc. ; 1942) p. 13. 


those of industry. Regions of low 
average farm value, such as the one 
in the very southern part of the 
state, have had the greatest relative 
losses of population. Thus, it seems 
that the farm worker responds to 
the beckoning high wages in the city. 

On the other hand, it appears that 
many people become overburdened 
by the high taxes, the noise, grime, 
and traffic of the metropolis. They 
want to be outside the city, where 
the business of living is less exact- 
ing.” Many commute for miles every 
day so that they may spend their 
nights and week-ends in the country. 
That is the explanation for the tre- 
mendous rural increase near 
Chicago. 


Economic REGIONS AS A BASIS 
oF StTuDY 


Since one city may influence an 


area much larger than the political ‘ 


subdivision that city is in, a regional 
approach is desirable if one is to 
see the overall relationship of one 
force to another. The economic re- 
gions outlined by the Bureau of 
Census provide such a basis of study. 
In Illinois, at least, population pat- 
terns fit into the regional setting 
quite well. The ties between the 
economies of the several regions des- 
ignated and population movement 
are strong enough to give such a 
basis value. 

Under some conditions it is con- 
ceivable that the economic region 
would not serve as a good basis of 
study. For example, if one were 
studying minute details of popula- 
tion migration, he would wish to use 
another areal unit. Then, too, region- 


~ 8 Golby, Charles ©., “Centrifugal and Centripetal 
Forces in Urban Geography,” Annals Association of 
American Geographers (Jan. 1933), p. 4. 
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al influences are subject to change, 
so a sequential study would have 
to deal with changing regional 
boundaries. The economic regional 
approach would have little value in 
a state where one line of endeavor 
dominated the entire area of that 
state. 

In spite of several obvious dis- 
advantages, it appears that the use 
of economic regions could provide 
the social scientist with a new and 
useful framework for research. 
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GEOLOGY 


MAJOR AQUIFERS IN GLACIAL DRIFT NEAR 
MATTOON, ILLINOIS* 


JOHN W. FOSTER 
State Geological Survey, Urbana 


Subsurface Pleistocene studies 
near Mattoon recently conducted by 
the Illinois State Geological Survey 
have revealed the probable origin 
and nature of occurrence of two 
gravel aquifers of major importance. 
The report describes a veneer of 
sand and gravel which rests on the 
Sangamon interglacial surface over 
a wide area north of the Shelbyville 
moraine which here marks the maxi- 
mum stage of Wisconsin glaciation. 
A second, more restricted but more 
favorable aquifer of Shelbyville age 
" lies immediately south of the Shelby- 
ville terminus and extends from the 
ground surface to the top of Illi- 
noian drift. The relationships of 
these gravel aquifers to the Cerro 
Gordo and Shelbyville moraines, to 
the undulations of the Sangamon 
surface, and to the topography of 
the top of the bedrock are described. 
The investigation is expected to lead 
to the discovery of unknown aquifer 
deposits of similar genesis in areas 
of similar geologic conditions. 

Introduction. — Geological and 
geophysical studies of the gravel 
aquifers near Mattoon have been 
conducted by the State Geological 
Survey at intermittent periods for 
many years. The older surveys have 
been directed principally toward the 


* Published with permission of the Chief, Illinois 
State Geological Survey, Urbana. 


location of the areas most favorable 
for well field construction. The pres- 
ent investigation, largely a subsur- 
face study by the records of 114 drift 
borings, has been designed toward 
not only descriptive geology but an 
insight into the physical develop- 
ment of the Mattoon aquifers. It is 
hoped that this insight will lead to- 
ward a better understanding of the 
groundwater available to Mattoon, 
its industries and hinterland farms, 
and lead also toward the discovery 
of other still unknown aquifer de- 
posits of similar rank lying in areas 
of similar Pleistocene history. 
General setting—The one hun- 
dred and ninety-two square miles 
of the Mattoon investigation lie en- 
tirely in southwestern Coles county 
and include Townships 12 and 13 
north, Ranges 7 and 8 east, and the 
north four section tiers of Township 
11 north, Range 7 and 8 east. The 
terrain is largely rolling to nearly 
level upland prairie, shedding drain- 
age west into the Kaskaskia, south 
into the Little Wabash, and east into 
the Embarrass systems. Relief is 
only 165 feet, with elevations rang- 
ing from about 620 feet on the Kas- 
kaskia River in the northwest area 
and the Little Wabash River in the 
southwest area to about 785 feet on 
the highest crest of the Shelbyville 
moraine (fig. 2) near the southwest 








Set ef 


ene tin ital 


—— se 





ea ES 


86 Illinois Academy of Science Transactions 


corner of T.12 N., R.8 E. Mattoon, 
with a population estimated at more 
than 18,000, lies on the gentle north 
or backslope of the Shelbyville mo- 
raine in the south-central area. 


As in most of east-central Illinois, 
the glacial drift near Mattoon rests 
on the shales, thin limestones, sand- 
stones, and coals of the Pennsylvan- 
ian system. Bedrock here is exposed 
at very restricted locations along the 
Kaskaskia valley north of the Cerro 
Gordo moraine (figs. 2 and 3). 
Everywhere else drift, with estimat- 
ed thicknesses up to approximately 
220 feet in southwestern T.12 N., 
R. 7 E., buries the bedrock surface 
and completely obscures its topog- 
raphy. Drift of Illinoian age is 
capped with younger Wisconsin de- 
posits associated with the Shelby- 
ville and Cerro Gordo ice lobes 
(Leighton, Ekblaw, Horberg, 1948, 
p. 22) of Tazewell age. Each of these 
drift mantles shows surface expres- 
sion, the Illinoian as a nearly level 
till plain beyond the influence of 
Wisconsin ice, the Shelbyville as a 
prominent moraine, and the Cerro 
Gordo as a more gentle moraine and 
till plain in the far north portion 
of the Mattoon area. 


The bedrock surface.—The buried 
bedrock surface of the Mattoon area 
is principally interfluve between 
the pre-glacial Embarrass (Horberg, 
1950, p. 84) and Middletown (Hor- 
berg, 1950, p. 73) drainage systems. 
The shallow sags in the bedrock 
topography in the northeast portion 
of the area were apparently courses 
tributary to the great Embarrass 
bedrock valley which trends south- 
erly in the eastern part of Coles 
County. The more prominent bed- 
rock valleys of the Mattoon area 




















Fic. 1—Index map showing location 
of the area of investigation near Mattoon, 
Iinois. 


appear to trend westward and north- 
westward as part of the buried Mid- 
dletown valley which in turn is in 
confluence with the ancient course 
of the Mississippi River in eastern 
Mason County. Although Illinoian 
drift to a great degree obscured the 
subdued topography of the top of 
the bedrock, the southernmost of the 
west-trending bedrock valleys ap- 
pears to have influenced the building 
of a Wisconsin gravel aquifer, and 
probably influences the hydrologic 
characteristies of that aquifer. 


Illinoian drift.—For the most part 
the bedrock near Mattoon is mantled 
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with Illinoian drift. Two exceptions 
are noted: (1) Reliable samples from 
a 1944 Mattoon City test hole lo- 
cated NE. SE. NE. sec. 18, T.11 N., 
R. 7 E., indicate that the basal ma- 
terial is a fine to coarse silty sand 
with an abundance of humus and 
most likely represents a Yarmouth 
interglacial alluvial deposit. No con- 
vineing evidence of Kansan drift 
has been noted in this subsurface 
investigation. (2) Three borings in 
T.11 N., R. 7 E., penetrated to the 
bedrock without apparently cutting 
pre-Wisconsin material. These sug- 
gest that Sangamon erosion denuded 
the bedrock at numerous though 
probably restricted locations princi- 
pally along Sangamon drainage sys- 
tems and in localities where Illinoian 
drift was originally thin.” Inasmuch 
as the top of Illinoian drift appears 
to have been a gently undulating 
plain, at an average elevation of 
about 625 feet, the greater Illinoian 
drift thicknesses occur generally 
over the depressions of the bedrock 
surface. The greatest Illinoian drift 
thickness in the Mattoon area is esti- 
mated to be about 90 feet where a 
low bedrock surface is overlain by a 
relatively high Sangamon surface in 
see. 19, T.12 N., R.8 E. 

Illinoian drift over wide areas 
here is exclusively a grey or grey- 
green calcareous clay till which lacks 
the sandy character typical of Illi- 
noian drift in most of Champaign 
County. The upper 5 to 10 feet of 
Illinoian till shows clearly by repre- 
sentative samples the weathering 
during the Sangamon interglacial 
period. The general textural homo- 
geneity of the Illinoian drift lends 
no support to the possibility of mul- 
tiple Illinoian glaciation, although 
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this fact by no means precludes such 
a history. 

Aquifer material in Illinoian 
drift, though very uncommon near 
Mattoon, may be extremely impor- 
tant in its influence on the hydrology 
of Wisconsin gravels immediately 
south of the Shelbyville moraine. In 
see. 18, T.11 N., R.7 E., pre-Wiscon- 
sin sand deposits are as thick as 45 
feet and occupy there a well- 
developed valley of the bedrock sur- 
face, drift boring number 4, fig. 4. 
The nature of this pre-Wisconsin 
sand is unknown, but the deposit is 
very likely restricted to the bedrock 
valley in which it lies, and probably 
trends westward in conformity with 
the valley configuration. Samples 
from boring number 4 suggest that 
this sand is silty to very silty and 
may not in itself be an important 
direct source of groundwater. 

Sangamon soil—Well drillers in 
the Mattoon area are familiar with 
the ‘‘peat’’ which rests largely on 
Illinoian till. It is this remarkably 
preserved soil section that has pro- 
vided an excellent horizon marker 
here. 

The excellence of the Sangamon 
interglacial soil development as a 
marker near Mattoon has enabled 
the use of driller’s logs where they 
might otherwise be of little value 
in geological Pleistocene interpreta- 
tion. Unusual preservation of Sanga- 
mon loam here through the over- 
running of the later Wisconsin 
glacier is probably due to the equally 
unusual nature of the advance of 
the Shelbyville ice. 

Shelbyville ice progression and 
the spreading of gravel veneer.—The 
progression of Shelbyville ice into 
the Mattoon area early in Tazewell 
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time, with a southwesterly lobate 
axis, began the key period of aquifer 
building. Subsurface data through- 
out the area show that a widespread 
veneer of gravel and sand was laid 
directly on the Sangamon soil by 
strong pro-glacial fluvial activity. 
Figure 4 illustrates the persistence 
with which these coarse Shelbyville 
elastics were spread, apparently 
without much regard for the hills 
and dales of the Illinoian (or Sanga- 
mon) surface. The adaptability of 
the gravel veneer to the topography 
indicates that the veneer was spread 
either subglacially under hydrostatic 
pressure or as ice-contact accumula- 
tion along the advancing zone of 
strong periglacial fluvial activity. 
Deposits of outwash origin distant 
from the glacier mass would con- 
centrate in the existing sags of the 
Illinoian drift surface with very thin 
deposition, if any, on the topo- 
graphic highs. The wide occurrence 
of the gravel veneer here apparently 
eliminates the possibility of sub- 
glacial origin, leaving the likelihood 
of ice-contact origin. 

Fan and outwash complex.— 
Shelbyville ice appears to have 
reached the north portion of T.11 
N., R.7 E., about 5 miles south of 
the present city of Mattoon, without 
great mechanical change. Here, how- 
ever, ice-front progression ceased 
and deterioration of the front prob- 
ably paced the movement of ice into 
the terminus area. During this part 
of the Shelbyville time began the 
building of a complex fan and out- 
wash deposit immediately south of 
the glacier terminus near secs. 17, 
18, 19, and 20, T.11 N., R77 E., 
south of the present Lake Mattoon. 
Sands of this complex accumulated 
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first in the sag in the Illinoian drift 
surface (which is apparently the re- 
flection of a partially obscured bed- 
rock valley). 

The present valiey of the Little 
Wabash River cuts deeply into the 
Shelbyville moraine (fig. 2) directly 
behind the Shelbyville fan and out- 
wash complex and may represent 
the course of a subglacial or super- 
glacial torrent from which a portion 
of the complex would have been de- 
rived. Periglacial deposits here orig- 
inating from an ice-fed torrent 
would likely have spread as an al- 
luvial fan close to the stream’s emer- 
gence from the ice mass. Such fan- 
type gravels would combine with 
earlier and later outwash gravels 
to form an aquifer deposit similar 
to the complex found in sees. 17, 18, 
19, and 20, T.11 N., R.7 E. 

Borings 7, 8 and 9 of fig. 4 show 
the occurrence of a till bed five to 
ten feet in thickness intercalated 
between gravels near the south edge 
of the Shelbyville moraine. This till 
zone may have been the result of a 
minor northward retreat of the ice 
front a distance of about two miles. 
The momentary ice front control by 
ablation may then have been lost 
by reinvasion to a position nearly 
equal to the former Shelbyville ter- 
minus, spreading as it progressed 
a second gravel veneer, shown on 
fig. 4. 

The second invasion renewed the 
building of the fan and outwash 
complex beyond the limit of Wis- 
consin glaciation. Subsequent till 
deposition resulted in the prominent 
Shelbyville moraine which is the 
landmark of the Mattoon region. 
Fluvial deposits of sand and gravel 
associated with the final recessional 
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stage of the Shelbyville ice front are 
very rare or absent within the till 
near Mattoon. Although the extent 
of the final retreat of the Shelbyville 
ice front is not known, ice of this 
stage of Tazewell glaciation must 
have ablated at least 50 miles, as 
Shelbyville drift in central Cham- 
paign County exhibits a young soil 
profile, but little or no leaching. 
Cerro Gordo lobate ice. — Post- 
Shelbyville glaciation in the Mattoon 
area is believed to include only the 
development of the more restricted 
Cerro Gordo lobe, with an axis simi- 
lar in direction to that of the earlier 
Shelbyville lobe. Perhaps, because 
of meager fluvial activity or because 
of lack of coarse clastic load, the 
Cerro Gordo glacier failed to spread 
before it the gravel veneer which 
Shelbyville ice spread with such uni- 
formity. Drilling above the Shelby- 
ville drift in and north of the Cerro 
Gordo moraine has revealed no more 
than widely scattered thin sands of 
limited groundwater resources. Cer- 
ro Gordo ice near Mattoon reached 
its maximum in extreme northern 
T.12 N., R.7 and 8 E., about one 
mile north of the city (fig. 2). The 
till sheet deposited by the Cerro 
Gordo ice rests on older Shelbyville 
till. The horizon between the two 
tills should be recognizable from 
sample study on the basis of weath- 
ering on the top of the buried 
Shelbyville till and on the basis of 
pre-Cerro Gordo soil development. 
The subsurface distinction of the 
Cerro Gordo and Shelbyville tills, 
however, has not been made in the 
area of this investigation for lack 
of suitable sample cuttings in the 
key area of Cerro Gordo overlap. 
Illinois State Geological Survey files 


contain sample study records which 
show that pre-Cerro Gordo soil has 
been identified at many well sites 
in Douglas and Champaign counties, 
north of the Mattoon area. 

Geo-hydrology of the aquifers.— 
Despite the uniformity of thickness 
of the Shelbyville gravel veneer 
north of the Shelbyville moraine, 
the textural composition of the aqui- 
fer shows great variation from place 
to place. The veneer exhibits over 
wide areas a three- to ten-foot bed 
of very fine sand at the base of the 
aquifer, directly above Sangamon 
soil. Where this fine sand composes 
the entire thickness of the Shelby- 
ville veneer, well construction even 
for domestic groundwater is difficult. 
Borings in the veneer not restricted 
to any given locality commonly ex- 
hibit a bed of clean, very coarse 
gravel with a thickness up to fifteen 
feet intercalated between beds of less 
well sorted silty sand and gravel. It 
is the very coarse: gravel deposit 
which yields abundant ground- 
water at scattered sites through the 
Mattoon area, although even the 
poorly sorted sand and gravel, where 
the coarse material is missing, yields 
more than adequate domestic 
groundwater supplies. 

Far more favorable than the 
gravel veneer north of the Shelby- 
ville moraine is the gravel aquifer 
of the fan and outwash complex in 
the area of sees. 17, 18, 19, and 20, 
T.11 N., R.7 E., largely south of the 
limit of Wisconsin glaciation. The 
veneer and the complex gravel for- 
mations are distinct both geologi- 
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ties and are being considered here 
as two aquifers. The fan and out- 
wash complex has a number of 
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geologic features which encourage 
favorable groundwater yields: 

(1.) The sand and gravel com- 
plex of Shelbyville age extends from 
the ground surface to the top of the 
Illinoian drift with thicknesses up 
to 65 feet. These thicknesses are 
due to the well-defined sag in the 
Illinoian drift surface previously de- 
scribed. No such thicknesses of 
gravel are known in the Shelbyville 
veneer to the north. 

(2.) The fan and outwash com- 
plex in a number of test holes in T.11 
N., R.7 E., has two or more zones of 
clean, very coarse gravel with com- 
bined thicknesses of twenty feet or 
more. 

(3.) The complex is in hydro- 
logic contact with the buried Shelby- 
ville gravel veneer on the north, 
thereby facilitating groundwater re- 
charge. 

The complex is probably also in 
hydrologic contact with Illinoian 


‘gravels occupying the bedrock valley 


which directly underlies part of the 
complex area. Borings here have 
encountered an upper Illinoian till 
deposit which, if continuous, might 
effectively seal the deep gravels from 
recharge of the shallower gravel 
complex. Where erosion of the upper 
Illinoian till may have exposed deep 
Illinoian gravels during Sangamon 
time, Illinoian and Wisconsin 
gravels may be in direct contact. 
Inasmuch as the deeper Illinoian 
gravels are believed to be generally 
silty and limited in permeability, 
wells in the complex area will prob- 
ably be constructed in the clean 
Shelbyville gravels, even though 
these are relatively shallow and 
widely exposed. 


City of Mattoon well field con- 
struction—Mattoon wells are con- 
eentrated in two areas, the Dorans 
field near sec. 30, T.12 N., R.8 E., and 
the Southwest field near see. 18, T.11 
N., R.7 E. City wells constructed 
prior to 1944 were located largely 
in the Dorans area. These penetrate 
to depths of 40 to 70 feet and 
tap groundwater in the Shelbyville 
gravel veneer. The Dorans wells have 
never shown capacities adequate for 
the demands of a city the size of 
Mattoon. By 1935 Lake Mattoon was 
supplying the city with the major 
portion of its water needs. Limited 
surface inflow in the summer of 
1944, caused by rainfall deficiencies 
recorded by the United States 
Weather Bureau in the months of 
May, June, and July of that year, 
lowered surface storage to an alarm- 
ing level. Geophysical exploration 
was conducted by the State Geologi- 
cal Survey for the purpose of dis- 
covering, if possible, groundwater 
aquifers more prolific than that at 
the old Dorans field. Electrical earth 
resistivity exploration delineated in 
1944 the very favorable gravels in 
the area of sees. 17, 18, 19, and 20, 
T.1l N., R.9 E., described in this 
study as the Shelbyville fan and 
outwash complex. 

Lake Mattoon still furnishes the 
major portion of water requirements 
at Mattoon though limited pumping 
of the Dorans well field continues. 
However, the construction of wells 
in the Southwest area, since 1944, 
which penetrate the most prolific 
deposit near Mattoon, safeguards the 
city’s supplies against future low 
water levels of Lake Mattoon. Fur- 
thermore, industries which ean lo- 
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cate in the vicinity of the Shelbyville 
fan and outwash complex will be 
assured of a source of abundant 
groundwater available for indepen- 
dent development. This favorable 
situation exists at very few indus- 
trial sites in this region. 
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NOTES ON THE ILLINOIS “LAFAYETTE”? GRAVEL* 


J. E. LAMAR anp R. R. REYNOLDS 
State Geological Survey, Urbana 


Extreme southern Illinois contains 
many exposures of brown chert 
gravel and red sand which are 
loosely referred to as the ‘‘Lafay- 
ette’’ formation of Tertiary age. De- 
posits of Lafayette-type gravel oe- 
cur in other parts of Illinois but are 
mostly thin.’ One of the northern- 
most sizable deposits in [Illinois 
which closely resembles the southern 
Illinois gravels is found near Hamil- 
ton in Hancock County, about 250 
miles northwest of the main body 
of ‘‘Lafayette’’ sediments in south- 
ern Illinois. 

The ‘‘Lafayette’’ gravel is com- 
monly regarded as stream deposited. 
_The drainage patterns that must 
have been invqlved in most of this 
deposition have not been established, 
nor is it possible to say to what ex- 
tent the gravels may have been re- 
worked. Solution of these problems 
will involve, among other things, a 
study of the sedimentology and lith- 
ology of many samples carefully 
taken with regard to their topo- 
graphic occurrence and elevation. 
The preliminary work here described 
was undertaken to obtain better 
knowledge of some of the physical 
characteristics of the Lafayette 
gravel which might be important to 
broader investigations. 


* Published by permission of the Chief, Illinois 
State Geological Survey, Urbana. 

1 Horberg, Leland, Pre-glacial erosion surfaces in 
Illinois: Jour. Geol., Vol. LIV, No. 3, 1946, p. 184. 


SAMPLES 


The six samples used in this in- 
vestigation were taken from the 
following exposures (fig. 1): 











LAFAYETTE GRAVEL 
@ Deposits sampled 
© Other deposits 


Fic. 1.—Locations of deposits sampled 
and of other outcrops of “Lafayette” 
gravel as reported by Horberg, Leland, 
Preglacial gravels in Henry Co., Illinois, 
Trans. Ill. Acad. Sci., vol. 43, p. 172, 1950. 


Sample No. 1. SE4% SW see. 
6, T. 4. N., R. 3 W., near Hamilton, 
Ill., 10 feet of gravel in gravel pit. 
Elevation about 620 feet. 
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Fic. 2.—-Particle-size histograms. The vertical bars, reading from left to right, 
indicate percent retained on the following sieves: 2”, 1.5”, 1.05”, .742”, .525”, .371”, 
3 mesh, 4, 8, 10, 14, 20, 28, 35, 48, 65, 100, 150, 200, and 270 mesh; passing 270 mesh 


plus 2 microns, and minus 2 microns. 


Sample No. 2. NE SE see. 4, 
T. 44 N., R. 3 E., near Grover, Mo., 
30 feet of gravel. This deposit is 
not far from Calhoun County, IIL, 
and was sampled instead of Calhoun 
County deposits because the expo- 
sure was better and the thickness 
of the gravel greater. Elevation 
about 820 feet. 

Sample No. 3. SW%, NE sec. 
34, T. 15 S., R. 3 W. near Fayville, 
Ill., 10 feet of gravel in small gravel 
pit. Elevation about 400 feet. 

Sample No. 4. NEY SW), sec. 
15, T. 16 8., R. 1 W. near Mounds, 


Ill., 34% feet of gravel in road eut. 
Elevation about 400 feet. 

Sample No. 5. SWY%4zSW\% SE 
sec. 29, T. 14 S., R. 2 E. near Grand 
Chain, Ill., 8 feet of gravel in rail- 
road cut. Elevation about 430 feet. 

Sample No. 6. SW%4 SW see. 
28, T. 14S., R. 5 E. near Renshaw, 
Ill., 20 feet of gravel in road cut. 
Elevation about 520 feet. 


MECHANICAL ANALYSES 


Mechanical analyses of the six 
samples were made by standard pro- 
cedures. Results are shown in figure 
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Fic. 3.—Histograms showing first 
quartile (left-hand bar), median (center 
bar) and third quartile (right-hand bar) 
of “Lafayette” gravel samples. 


2. All the charts are bimodal. Those 
for samples 2, 3, 4, 5, and 6 are 
roughly similar. The curve for sam- 
ple 1, however, differs in the shape 
and amplitude of its sand fraction 
peak and in the particle size dis- 
tribution of the gravel fraction. 

In figure 3 are shown certain sta- 
tistical values determined from the 


particle size analyses. The quartile 
and median data for the samples as 
a whole indicate that samples 2 and 
3 are the coarsest and sample 6 is the 
finest. In the plus 10 mesh fraction, 
sample 1 is the coarsest and samples 
4 and 6 the finest. In general a 
kinship is suggested between samples 
1, 2, and 3 from Hamilton, Grover, 
and Fayville, respectively, and be- 
tween samples 4, 5, and 6. 


PEBBLE COUNTS 


In order to determine the lithology 
of the ‘‘Lafayette’’ gravel, pebble 
counts were made on 100 pebbles 
selected at random from each of four 
size fractions of each sample. All 
chert pebbles were classified accord- 
ing to color: brown, light buff, red, 
and black. The size fractions counted 
and the results of the counts are 
shown in figure 4. 


The following characteristics are 
indicated for each of the size frac- 
tions: : 


1.05 x .742” Samples 1, 2, and 3 con- 
tain black and red chert 
and sample 2 is rela- 
tively high in light 
brown chert. 

-742 x .525” Sample 1 differs from 
the other samples in 
having a high content 
of red chert and vein 
quartz. Samples 1, 2, 
and 4 contained more 
light brown chert than 
the other samples. 

.525 x .371” Sample 1 differs from 
the other samples in 
having a high content 
of vein quartz and of 
buff chert pebbles. 

.371x .19” Samples 1 and 3 are 
high in vein quartz peb- 
bles. Sample 2 is high 
in light brown chert 
pebbles and Sample 4 is 
high in red chert. 

1.05 x .19” Sample 1 is unlike all 
others because of its 
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Fic. 4.—Results of pebble counts in percent by number 
of pebbles. Percent scale changes at 20 percent. 
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Fig. 5.—Degree of polish of pebbles. 
Left-hand bar indicates number of peb- 
bles having “good” polish, center bar 
“fair” polish, and right-hand bar “poor” 
polish. 


low chert content and 
high compensating vein 
quartz content. Sam- 
ples 1, 2, and 4 contain 
the most light brown 
chert pebbles and also 
the most red _ chert 
pebbles. 


To summarize the foregoing, sam- 
ple 1 differs from all other samples 
in its high vein quartz content. Sam- 
ples 1 and 2 are akin in several 
respects, as are samples 5 and 6. 
Samples 3 and 4 are of intermediate 
character. This is probably to be 
expected because samples 1 and 2 
are from the Mississippi Valley and 
samples 5 and 6 from the Ohio Val- 
ley, whereas samples 3 and 4, near 
the junction of the two valleys, show 
affiliations with both valleys. The 
Mississippi Valley gravel samples 
commonly differ from the Ohio Val- 
ley gravel in the following ways: 
they contain more vein quartz, light 
brown chert, red chert, and black 
chert pebbles. The Ohio Valley sam- 
ples are characterized by a high con- 
tent of brown chert pebbles. 

Conclusions regarding the lith- 
ology of pebbles counted in relation 
to size are shown in table 1. 


TABLE 1.—PREVALENCE OF PEBBLES BY KIND 








Kind of pebble 


Prevalence 





Greatest Least 
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1.05 x .742 inches | .371 x .19 inches 


Se ices .3871 x .19 .625 x .371 
eat .742 x .525 and 
.371 x .19 .525 x .371 


About the same in |all sizes 


.371 x .19 1.05 x .742 
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TABLE 2.—SHAPE OF PEBBLES 
(In percent by numbers of pebbles) 














1.05’’ x .742’’ fraction|.742’’ x .525’’ fraction|1.05’’ x .525’’ fraction 
Sample No. 

1? | ea a Pea av 

Bs Vt eal Ze ie Oe 64 | 16 4 | 16| 64} 24/ 12 0| 64/19); 8 9 
» lia De Rn as ay: * 32 | 40| 12 | 16| 28| 24) 32 16 | 30 | 33} 21 16 
ee tos oe sae 32 | 36) 12 | 20| 44/16] 20 | 20} 37| 27| 16 | 20 
Se eter Se 32 | 16) 16 | 36} 60 | 20; 12 8 | 47| 18] 14 | 21 
Bee ae ae 52 | 28 4 | 16} 56] 12 16 | 16 | 54} 20}; 10 | 16 
De eco ce can oe bed oe 36 | 24 8 | 32 | 40 | 28 8 | 24| 38 | 26 8 | 28 
cs”) ee Rea 39 | 55 0 6 | 37 | 47 0 | 16 | 38} 52 0 | 10 
3 (quarts)........... Nees Wh ernea Vieke eas 38 | 30 16 1G bis utcks Avsapeules : 3 












































* I—Flattened or dise shaped. 
Il—Spheres or equidimensional pebbles. 


These data carry various implica- 
tions regarding source deposits. The 
black chert, and to a lesser extent 
the red chert, appears to have come 
from deposits having a uniform par- 
ticle size distribution. In contrast 
the vein quartz pebbles came from 
a source that yielded pebbles mostly 
smaller than ¥% inch. 

In addition to the kinds of pebbles 
mentioned, there were observed in 
the gravel samples, in amounts prob- 
ably less than one percent, other 
kinds of pebbles that may prove 
valuable in determining the source 
of the gravel. These ‘were quartzite, 
agate, and jasper pebbles. No ig- 
neous rock pebbles were observed, 
nor have they been seen in Illinois 
outerops. 


SHAPE 


Shape studies were made on two 
sizes of chert pebbles, namely, 1.05” 
x .742” and .742” x .525”. Pebbles 
of these sizes were selected because 
they are common and easily handled. 
In addition, the shapes of 25 quartz 


II1I—Bladed or lath-like. 
1V—Rod shaped. 


pebbles from samples 2 and 3 were 
measured to provide comparative 
data. 

Standard methods? were employed 
in measuring the pebbles. Shape 
designations were assigned by the 
Zingg shape classification®, which 
provides for four classes. These are 
indicated in table 2 together with 
results of the shape studies. 


TABLE 3.—AVERAGE SPHERICITY VALUES 














Size of pebbles 
Sample 
No. 
1.05’’ by .742'"| £742’ by .525’ 
_ aI. .70 .69 
y Seana .72 .67 
ete. .70 66 
: RBS Re 65 .67 
ASSES ae 65 .68 
Sigh .70 .69 











2 Krumbein, W. C., Measurement and geological 
significance of shape and roundness, Jour. Sed. Petr. 
vol, 11, no. 2, Aug. 1941, p. 66. 

* Krumbein, W. C., op cit., p. 67. 
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The results indicate a similarity 
of shape between pebbles in samples 
2 and 3 in the 1.05 x .742 inch frac- 
tion and a less striking similarity 
between samples 3 and 5 in the .742 
x .525 inch fraction. Considering 
both fractions together there is a 
likeness between samples 4 and 5. 
The shape data do not, therefore, 
show any consistent relationship be- 
tween the samples. 

Flattened or dise-shaped pebbles 
are most common; they comprise 45 
percent of the six samples investi- 
gated. Twenty-four percent of the 
pebbles are spherical or equidimen- 
sional, 13 percent bladed or lath-like, 
and 18 percent rod shaped. 

Shape determination on two sizes 
of quartz pebbles from sample 2 and 
one size from sample 3 yielded differ- 
ing results (table 2), but show a 
dominance of flattened or disc- 
shaped and spherical or equidimen- 
sional pebbles. Sample 2 contains 
ho bladed or lath-like pebbles. 


SPHERICITY 


Sphericity was determined direct- 
ly from a modification of the Zingg 
diagram.* Table 3 gives the spheric- 
ity data. No distinetive differences 
are apparent between samples. 


ROUNDNESS 


The roundness of the pebbles pre- 
viously measured for shape was de- 
termined by comparing them with 
Krumbein’s visual roundness chart.° 
The results are given in table 4; also 
comparable measurements of 25 vein 
quartz pebbles from samples 2 and 
3. The chert pebbles of sample 1 are 
the least round. The other samples 
show no outstanding differences. The 


* Krumprin, W. C., op. cit. p. 68. 
5 Krumpein, W. C., op. cit. p. 68. 


quartz pebbles are more round than 
the chert pebbles. 

The roundness values of the chert 
pebbles commonly result from a 
rounding of the edges and corners 
of the pebbles rather than major 
alteration of the general pebble 
shape. Well-rounded chert pebbles 
are infrequent in the sizes studied; 
such pebbles as are found may have 
come from a distant souree, although 
some of them may have had a high 
initial roundness. 


TABLE 4.—AVERAGE ROUNDNESS VALUES 

















Size of pebbles 
Sample No. ie 
1.05’' by | .742"" by 
742"" | .525'" 

1—chert pebbles. . . 44 | .40 
aati o . 50 | 48 
hs ot .48 | .46 
er ete .48 | .48 
ees a .50 .51 
6 +: P .52 | .48 
2—quartz pebbles. . | .73 
3 5 ni | .73 











Since the quartz pebbles are more 
rounded than the chert pebbles, and 
also are probably more resistant to 
abrasion, it seems likely that they 
may have attained much of their 
present degree of rounding in a pre- 
‘*Lafayette’’ cycle of erosion. Con- 
eeivably most of them found in the 
‘*Lafayette’’ gravel in southern IIli- 
nois may have been derived from 
the Caseyville (Pennsylvanian) con- 
glomeratic sandstones which form 
prominent escarpments a few tens 
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of miles north of the gravel area. 
This is suggested by the appearance 
of the pebbles and by a petrographic 
and sedimentologic study made of 
them by Reynolds.* The source of 
the quartz pebbles in the Grover and 
Hamilton samples is a problem for 
further study. 


PoLisH 


An outstanding characteristic of 
most ‘‘Lafayette’’ gravel deposits of 
Illinois is the polish shown by the 
pebbles. Some pebbles are complete- 
ly or almost completely polished ; 





Fic. 6.—Polished section of a brown 
“Lafayette” chert pebble. The marginal, 
brown-stained zone which gives the peb- 
ble its exterior color is evident except 
at the broken upper left corner. An area 
of brown discoloration produced by the 
infiltration of iron oxide along incipient 
fractures is shown by the dark-grey area 
at the left of the picture. Reflected 
light. X 7. 


®* Reynolds, Robert R. A comparative study of 
the quartz pebbles in the Lafayette gravel and the 
Caseyville conglomerate of southern Illinois. Masters 
thesis, Dept. of Geology, Univ. of Illinois, 1942. 
Unpublished. 
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Fic. 7.—The natural surface of one 
side of a chert pebble which is silicified 


oolite. It suggests the surface of a 
freshly broken oolitic limestone. X 4. 


others have rough corners and edges, 
with polish on only the larger flat 
or nearly flat surfaces; still others 
show polish only in re-entrants in 
the pebbles. The variations in the 
extent of the polish may be a func- 
tion of the amount of wear to which 
a pebble has been subjected since the 
original development of the polish. 

The pebbles of sample 6, which 
have dull, lusterless surfaces, are an 
exception. The sampled deposit was 
partly cemented, and the pebbles 
were coated with a film of limonite. 
Attempted removal of the limonitic 
coating by rubbing resulted in a 
moderate degree of polish, but this 
may have been caused by the rub- 
bing. Solution of the limonitic film 
by hydrochloric acid revealed a dull 
unpolished surface on most pebbles, 
but in the re-entrants of a few peb- 
bles some polish was evident. This 
suggests that the gravel of sample 
6 was once normally polished. Its 
loss of polish could be attributed to 
processes related to cementation; 
however, as the deposit from which 
sample 1 was obtained was also part- 
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ly cemented, though less so than 
sample 6, and yet contained many 
highly polished pebbles, cementation 
cannot be regarded as always ad- 
versely affecting polish. 

It was evident from an examina- 
tion of 300 pebbles that in general 
most of the chert pebbles in the ‘‘ La- 
fayette’’ gravel have a higher degree 
of polish than the other pebbles. The 
vein quartz pebbles and the few 
quartzites as a rule have only a fair 
degree of polish. 

In an attempt to determine varia- 
tions in degree of polish between 
samples, the chert pebbles whose 
shapes were measured were arbitra- 
rily classified according to whether 
their polish was deemed good, fair, 
or poor. The results are shown in 
figure 5. Sample 1 from Hamilton, 
Ill., has the highest degree of polish. 
Samples 2 and 3 have a moderate 
degree of polish, whereas samples 4 
and 5 are the least well polished. 
The data at hand are not sufficient 
to permit an interpretation of these 
observations, but it is suggested that 
they probably relate to the history of 
the pebbles after polishing and per- 
haps to the varying susceptibilities 
of different varieties of chert to 
polishing. 

The means by which the ‘‘Lafay- 
ette’’ pebbles received their polish 
were not investigated. However, the 
dense surfaces of some of the porous 
chert pebbles and of some of the in- 
frequent sandstone pebbles observed 
suggest that they may have been im- 
pregnated with silica. 

The brown color and polish of the 
‘‘Lafayette’’ chert pebbles may be 
in some way related. Thin sections 
of chert pebbles show that, although 
the interiors of the pebbles may be 
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buff, the characteristic brown is com- 
monly restricted to a relatively thin 
zone at the surface and to bands or 
streaks along cracks and fractures 
in the pebble (fig. 6). Twelve peb- 
bles from sample 1 were boiled in 
hydrochloric acid. Six lost their 
dark-brown color and changed to an 
orange brown or yellow brown with 
cream-colored blotches. Three peb- 
bles became light buff to cream. 
Three others were little changed. It 
is noteworthy that though there was 
a marked color change, the polish of 
the pebbles was not appreciably 
altered; the gloss may have been in- 
creased, thus suggesting that the 
polish is not necessarily now linked 
with the brown color. This inference 
is further suggested by the fact that 
the ‘‘glazed’’ pebbles, subsequently 
deseribed, though white or cream 
colored, are also polished. It seems 
possible, therefore, that the polish 
of some pebbles is unrelated to color. 


Ootttic PEBBLES 


A considerable number of the peb- 
bles in the samples studied are silici- 
fied oolite. The abundance of oolitic 
pebbles in the 50 pebbles studied for 
shape is shown in table 5. Some of 
the pebbles are obviously chert; 
others appear to be more coarsely 
erystalline quartz, although they 
may be varieties of chert. Many 
show pitted surfaces, but oolitic peb- 
bles without pits are also common. 
Numerous coarser-grained pebbles 
have on their flat or rounded sur- 
faces an intricate pattern composed 
of roughly ecrescentic indentations 
somewhat akin to chattermarks but 
not regularly distributed. These 
markings also occur on pebbles 
which contain fossil detritus but only 
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Fic. 8.—Thin sections of silicified “Lafayette” pebbles. A. Originally probably 
a limestone composed,sof calcareous detritus and possibly some oolite grains. 
B. Oolite showing radial structure but little annular banding in grains; grains have 
dark centers. C. and D. Ovolite showing well-developed annular and radial structure; 
the white centers are macrocrystalline quartz. X 18. 


scattered oolite grains. Many of the 
oolitiec pebbles showing the markings 
are maroon colored. A few oolitic 
chert pebbles have one natural sur- 
face that resembles a freshly broken 
piece of oolitic limestone. On these 
surfaces the oolite grains resemble 
rounded sand grains, and the pebbles 
might be described as sandstone 
from casual examination (fig. 7). 


The oolitic pebbles are diverse 
(fig. 8). Some consist largely of 
roughly spherical oolite grains, gen- 
erally showing an annular struc- 
ture; others are composed of numer- 
ous annular oolite grains, together 
with an abundance of granular ma- 
terial, probably detrital, which does 
not show notable concentric struc- 
ture or spherical shape. Small fossils 








| 
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TABLE 5.—NUMBER OF OOLITIC PEBBLES IN 
PERCENT BY NUMBER OF PEBBLES 











Sample -742'' x | .625’’ x | .525’’ x 

No. 1.05’’ | .742’’ | 1.05’’ 
PED peor 4 6 5 
Begae twee eis 10 10 10 
PS Re ey Pe 8 4 6 
Dinh oscie ries 12 14 13 
Ree ace 6 4 5 
Gre id. 0 0 0 




















such as brachiopods and fragments 
of large fossils are common in some 
pebbles. The grain size of the oolites 
and other materials is variable, as 
is the ease with which the textural 
characteristics of the pebbles can be 
determined without thin-sectioning. 


The source of the oolitic pebbles 
is not known. The textures and 
character of many of the pebbles are 
approximated or essentially dupli- 
cated in the oolite of the Ste. Gene- 
vieve and Salem formations, as now 
exposed in Illinois, which may have 
been the source of many of these 
pebbles. 

It is of interest that no consider- 
able amount of oolitic chert is known 
in the Salem, Ste. Genevieve, or 
Chester formations as now exposed 
in southern or western Illinois. As 
previously noted, some of the oolite 
pebbles composed of relatively 
coarse-grained quartz show natural 
surfaces like those of a freshly 
broken piece of limestone oolite, a 
type of fracture which would prob- 
ably not be expected from the silici- 
fied pebbles as now found (fig. 8). 
This phenomenon can be accounted 
for in various ways, but the question 
is raised whether these pebbles may 
not be the result of some special 
set of silicification conditions rather 





Fic. 9.—Polished section of a “La- 
fayette” pebble showing white “glaze” 
over part of exterior, and a light band 


concentric with the glaze. 
light. X 8. 


Reflected 
than those which normally produce 
chert in limestones. 


‘*GQLAZED’’ PEBBLES 


The samples studied, especially 
nos. 1 and 2, contain pebbles whose 
exterior consists partly or wholly of 
white, siliceous, often porcelain-like 
material resembling a ‘‘glaze’” or 
coating (fig. 9). On some pebbles 
the glaze is about 14 of an inch thick 
and covers most of the surface. Other 
pebbles show only small glazed areas. 
The glaze occurs alike on brown and 
black chert pebbles. Both the un- 
glazed and glazed parts of many of 
the pebbles are polished in normal 


™The term “glaze” is here used in the same 
sense as a ceramist would refer to an opaque glaze 
because the term describes the appearance of the 
phenomenon. This usage is not meant ito connote 
that the glaze was necessarily an addition to the 
original pebble. 

















< 

Fie. 10—Chert from a bedrock out- 
crop showing the development of a white 
chalky material on the top of the speci- 
men. Similar material occurs on the 
bottom but is not visible in the photo- 
graph. The white chert in other parts of 
the specimen is not chalky. About nat- 
ural size. 


fashion. No glaze was observed on 
sandstone, vein quartz, or quartzite 
pebbles. In sample 1, 22 of the 50 
pebbles examined had more or less 
glaze; 4 of the 50 pebbles in sample 
2 had glaze. 


The origin of the glaze cannot be 
certainly determined from the mate- 
rial at hand. It is suggested, how- 
ever, that a porous, white, weathered 
zone, such as commonly develops on 
chert (fig. 10), was later impregnat- 
ed with silica to produce the hard, 
dense exterior material, or glaze. 
Different degrees of erosion of the 
weathered zone, possibly before im- 
pregnation, would account for the 
differences in the amount of glaze 
now evident. 


AGATE PEBBLES 


Samples 1, 2 and 3, from the Mis- 
sissippi Valley, contain pebbles of 
agate, mostly in shades of gray, 


Illinois Academy of Science Transactions 





white, and brown. These pebbles are 
not numerous, but they are signifi- 
cant because they are rare or absent 
in the other samples. They were ob- 
served to be also relatively common 
in the ‘‘Lafayette’’ gravel in Mis- 
souri across the Mississippi River 
from the deposit in Alexander 
County, Ill., from which sample 2 
was obtained. The agate pebbles are 
rounded to irregular. 


In sample 1, two brown chert 
pebbles were partly coated with 
banded quartz similar to parts of 
the agate pebbles. 


The agate pebbles are of different 
types. A common variety is of erys- 
talline quartz, showing comb struc- 
ture in some specimens, which is 
interspersed between irregular mas- 
ses of banded chalcedony and within 
which round agates as much as 4 
inch in diameter are distributed. In 
one pebble studied in detail, the con- 
tact between the comb quartz and 
the banded chalcedony is transition- 
al and consists of a series of thin 
alternating bands of crystalline 
quartz and chaleedony. The crystal 
size of the macro-crystalline quartz 
bands decreases away from the comb 
quartz and ultimately becomes 
micro-erystalline. 


The general structure and char- 
acter of the pebbles suggest that they 
were originally cavity linings or fill- 
ings. The chert coated with banded 
silica presumably represents part of 
a cavity lining and cavity wall. 


No deposits from which the agate 
pebbles could have come are known 
in Illinois. Their presence along the 
Mississippi Valley suggests that they 
may have come from Missouri or 
other areas adjacent to the valley. 
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Sample 
No. Location Name Age 

2 Grover, Mo.......... PEON eben ok Silurian to Devonian 
Lithostrotion .|Mississippian 

3 Fayville, Ill.......... i ESE A See Silurian to Devonian 
Columnaria alveolata?. . . ./Upper Ordovician 
Streptelasma............. ovician 
Lithostrotion............ Mississippian 
Triplophyllum........... * 
Cyathophyllum Devonian and Mississippian 

4 Mounds, Ill..:....... Lithostrotion............ 


Triplophyllum 
Lino oe eas 


Mississippian 


Mississippian to Permian 


MNO. 5 inks pete kare Silurian to Pennsylvanian 
5 Grand Chain, Ill...... Lithostrotion............ Mississippian 
6 Renshaw, Ill......... Lithostrotion............ Mississippian 
Fenestellid bryozoa....... Silurian to Permian 
|Zaphrentid corals......... " - - 

















* Identification and age by W. H. Easton, Illinois State Geological Survey, 1942. 


FoOssILs 


Silicified fossils, commonly as -par- 
tial specimens of individuals, are 
relatively abundant in some deposits 
of ‘‘Lafayette’’ gravel. Corals are 
most frequent. Some chert frag- 
ments contain a great many crinoid 
stems, and molds or partial molds 
of brachiopods, bryozoa, and gastro- 
pods. Table 6 lists the genera which 
were obtained as a result of limited 
collecting. 


Undoubtedly a systematic collee- 
tion from each locality would yield 
more detailed lists of fauna. The 
presence of fossil corals, crinoids, 
and brachiopods of the Lower and 
Middle Silurian is reported* in a 
deposit of Lafayette-type gravel in 
Henry County in northwestern Illi- 
nois. The data in table 5 suggest 


* Horberg, Leland, Preglacial gravels in Henry 
ag pee Trans. Ill, Acad. Sci. vol. 43, 1950, 
p. 173. ‘ 


that there is no need to assume a 
distant source for the fossiliferous 
chert in any of the southern Illinois 
‘*Lafayette’’ deposits studied, as 
southern Illinois or areas adjacent 
to it contain outcrops of limestone, 
some of it cherty, of Ordovician, 
Silurian, and Mississippian age and 
also extensive deposits of Devonian 
chert formations, especially near the 
localities from which samples 3 and 
4 were taken. The Grover deposit 
is similarly situated with reference 
to outcrops of Ordovician, Silurian, 
and Mississippian rocks. 


CONCLUSIONS 


It appears from the foregoing that 
a study, including particle size dis- 
tribution, particle shape, pebble 
counts, and paleontology of fossil 
molds, of a greater number of sam- 
ples taken with cognizance of the| 
relation. of the deposits to topo- 
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graphic levels might yield informa- 
tion which would add materially to 
the knowledge of the source or 
sources of the ‘‘Lafayette’’ gravel 
in Illinois and adjacent states, and 
which would also broaden the factual 
basis for interpreting the history of 
the formation of the gravel. Various 


special features, such as_ polish, 
glazed pebbles, agate pebbles, and 
silicified oolite pebbles, are in them- 
selves problems that merit further 
investigation and that may aid in 
a better understanding of the broad- 
er problems of the ‘‘Lafayette’’ 
gravel. 
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CAMBRIAN AND LOWER ORDOVICIAN EXPOSURES IN 
NORTHERN ILLINOIS* 


H. B. WILLMAN AND J. S. TEMPLETON 
Illinois Geological Survey, Urbana 


Drilling in central northern Illi- 
nois has revealed the presence of 
Cambrian and lower Ordovician 
strata beneath glacial drift in a large 
area south of the Sandwich fault 
zone, as shown on the state geologic 
map (Weller and others, 1945), and 
one exposure of Cambrian strata at 
Oregon, Ogle County, Ill, has long 
been known (Bevan, 1929, 1935, 
1939). No other Cambrian expo- 
sures and no exposures of lowermost 
Ordovician have been recognized 
previously in Illinois. 

The present study has shown that 
exposures west of the area mapped 
as Cambrian, formerly believed to 
be of Shakopee, Platteville, or Gal- 
ena age, actually belong to the Cam- 
brian Trempealeau formation and to 
the lower Ordovician Gunter and 
Oneota formations. The area under- 
lain by Cambrian and lower Ordo- 
vician rocks has been extended west- 
ward from Rochelle nearly to Rock 
River, and the Sandwich fault zone 
has been traced west of Rock River 
(fig. 1). Outerops near Millbrook, 
Kendall County, previously assigned 
to the Galena formation, now are 
known to be Oneota. The exposures 
show that at least the lower part of 
the Trempealeau formation in this 
region is a reef-type dolomite. 

Identification of the formations 
has been based mainly upon lith- 
ology as revealed by samples from 
wells, but partly upon fauna. The 





*Published with permission of the Chief, Illinois 
State Geological Survey. 


exposure at Oregon lies near the 
erest of the Oregon anticline, but 
all of the remaining exposures are 
near the crest of a major uplift on 
the south side of the Sandwich fault 
zone, herein named the Ashton Arch 
(figs. 1, 4). The exposures all are 
located on preglacial bedrock up- 
lands (Horberg, 1950, plate 1, sheet 
1). The absence of outcrops between 
the Fox River and Rochelle is ex- 
plained by the presence of two 
major southward-trending pregla- 
cial valleys and deposition of a thick 
Wisconsin morainic belt over the 
site of the valleys. 


STRATIGRAPHY 


The exposed pre-St. Peter forma- 
tions of central northern Illinois are 
shown in columnar section in figure 
2, and are described below. 

Franconia formation. — The 
Franconia formation, the oldest for- 
mation exposed in Illinois, is known 
to crop out only in the lower part 
of an abandoned quarry 3,700 feet 
from the north line and 1,100 feet 
from the east line of sec. 3 (elon- 
gate), T. 23 N., R. 10 E., Ogle 
County (Oregon quadrangle), one- 
half mile east of Oregon (fig. 1). 
The exposure is poor and has a total 
thickness of about 30 feet. It con- 
sists mainly of argillaceous, silty, 
glauconitic and muscovite-bearing, 
partly dolomitic, greenish-gray sand- 
stone which ranges from very fine 
grained to coarse grained, but is 
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Fic. 1.—Location of Cambrian, Gunter, and Oneota exposures in northern Illinois. 


mostly fine grained. The grains are 
clear and mainly angular, although 
the medium and coarse grades are 
rounded. Abundant scattered fine 
pellets of dark green glauconite give 
the rock a ‘‘salt-and-pepper’”’ aspect. 
Green glauconitic clay occurs as 
partings between the beds and as 
streaks and mottlings within the 
beds. The heavy mineral suite con- 
sists of abundant garnet, with sub- 
ordinate amounts of tourmaline and 
zireon. The sandstone is laminated 
and friable. It is in lenticular to 
regular beds from a fraction of an 
inch to 9 inches in thickness. A one- 
foot bed of impure, buff, chalky 
dolomite in thin irregular layers is 
present 20 feet below the top of the 
formation (fig. 3), and scattered 
dolomite lenses occur elsewhere. 
Partings of silty, partly dolomitic, 
olive-gray, laminated, friable shale 
are common. 


The following fossils from the 
sandstone, identified by G. O. 
Raasch, show that the strata belong 
to the Bad Axe or highest member 
of the Franconia formation: Dikel- 
locephalus n. sp., Illaenurus n. sp., 
Saukiella minor Ulrich and Resser, 
and Trilobita n. gen. and sp. In ad- 
dition, small fragments of oboloid 
brachiopod shells are common, and 
ropy excremental worm-castings cov- 
er many bedding surfaces. 

Subsurface data indicate that the 
Franconia formation, exclusive of 
Ironton strata, ranges from 65 to 
120 feet thick in north-central Tlli- 
nois. The middle portion of the for- 
mation consists of sandy, glauconitic 
dolomite and limestone, but the 
lower part is composed of sandstone 
and sandy dolomite like the higher, 
exposed beds. A thin, dolomitic, 
coarsely glauconitic, coarse-grained 
sandstone, formerly regarded as the 
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Fie. 2.—Pre-St. Peter formations exposed in northern Illinois. 





Fie. 3.—Franconia strata in quarry at Oregon, Illinois; hammerhead is at base 
of dolomite bed lying 20 feet below top of formation. 








dc 








Illinois Academy of Science Transactions 


112 


~ A 
= = ——E = =] ay, 
euysou0w _ 4 >—_ 
ouyouks —f euyjouuo Buibunig 4 eujaqiuy aN 


Seps uMoRYyUMOP PUD UMOAYN YIM wea —f- 


== = Wy, 
S27UwW 40 3271V9S 
Hem jouuog © 


nosjoedwes, 19 | 


pwosuo4s 49 | 


0j0eUD «0 
sejung §=6460 


eedoyoys 80 
PuoWYrIY MeN U0 


SOsNSOGKS 19584 1S-81d QD L 


$u0}jows0, sebunok puo puowyriy may Aq ujoepuN owy | | | 
SU01jOWI04 DjO@UD PUD 4ajuNgQ Aq UIOePUN oBYy F3) 
woows0, NoejDedwesy Aq ulojJepUN os1y | 
uoHows0, O1UODU0sy Aq WOVepUN osiy f J} 

AI 


mae 5 











Gunter and Oneota Exposures 


113 





Fic. 5.—Trempealeau dolomite in quarry at Prairie Star School, SW% SW%4 
SE Sec. 5. T.22 N., R.11 E., Ogle County, Iil. 


basal member of the Franconia, now 
is considered the top unit of the 
Ironton formation. The Franconia 
formation is correlated tentatively 
with the Davis, Derby, and Doerun 
formations of Missouri (Workman 
and Bell, 1948, p. 2053). 

Trempealeau formation. — Twen- 
ty-three feet of basal Trempealeau 
dolomite overlies Franconia sand- 
stone in the quarry at Oregon. An 
extension of this exposure is found 
in a low ridge littered with Trem- 
pealeau float 34 mile northwest of 
the quarry, 500 feet from the north 
line of see. 3 and 1,700 feet from the 
west line. The major Trempealeau 
exposures found in this study. are 
as follows (fig. 4): 

(1) Quarry at Prairie Star 


School, 7 miles southeast of Oregon, 
SWY% SW SE see. 5, T. 22N., 
R. 11 E., Ogle County (Dixon quad- 
rangle), where 18 feet is exposed 
(fig. 5). 








Fic. 6.—Trempealeau and Gunter dolo- 
mites in quarry south of Rochelle, N. 
line NE% SE% NE Sec. 26, T. 39 N., 
R. 1 E., Lee County, Il. 
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B. Vertical View 








Fic. 7.—Diagrammatic sketch of pre-St. Peter exposures in hill on north side 
of State Highway No. 2, NE% SE% SE% Sec. 17, T.23 N., R.10 E., Ogle County, IIl. 
Ct, Trempealeau; Oon, Oneota; Onr, New Richmond; Os, Shakopee; Osp, St. Peter, 


mainly filling pre-St. Peter channels. 


(2) Three quarries 114 miles 
northeast of Ashton, NWY%4,NW%4 
NE sec. 22, SEY, NW NW 
sec. 23, and NE corner sec. 23, T. 22 
N., R. 11 E., Lee County (Rochelle 
quadrangle), where 14 to 22 feet of 
dolomite is exposed. 


(3) Quarry 6 miles south of 
Rochelle, N. line NEW, SE, NE 
sec. 26, T. 39 N., R. 1 E., Lee County 
(Rochelle quadrangle), where 6 feet 
of dolomite is exposed, with 5 addi- 
tional feet below water level (fig. 6). 


(4) Bank on north side of State 
Highway 2, 21%4 miles southwest of 
Oregon, NEY, SEY SE sec. 17, 
T. 23 N., R. 10 E., Ogle County 
(Dixon quadrangle), where 4 feet 
of dolomite is exposed at road level 
and 3 feet is exposed 15 feet above 
road level (fig. 7). 


A few small outcrops of Trempea- 
leau dolomite occur in the vicinity 
of the principal exposures (fig. 4). 
The area has not been mapped in 
detail, and other outcrops may be 
present. 

The Trempealeau formation is 
composed of light buff, finely erystal- 
line to medium crystalline, reef-type 
dolomite, which is finely porous to 
vuggy, and occurs mainly in irregu- 
lar beds from 1 to 4 feet thick. The 
basal beds at Oregon are glauconitic 
and silty, but the dolomite in the 
remaining and_ stratigraphically 
higher exposures is pure. Many vugs 
are lined with white to pink erys- 
talline quartz which readily differ- 
entiates the Trempealeau from other 
formations in this region. In places 
the bedding disappears into or is 
draped over structureless columnar 
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masses of dolomite more than 10 feet 
thick, which are interpreted as reef- 
cores of algal origin. Weathered 
bedding surfaces commonly are cov- 
ered with a network of low, narrow, 
vertically-sided ridges, and weath- 
ered faces are marked by narrow, 
irregular, vertical flutings; these 
phenomena also may be of algal 
origin. The rock contains algal 
domes and rare trilobite and gastro- 
pod remains. G. O. Raasch has iden- 
tified the following forms: Crypto- 
zoon sp. Hypseloconus sp. nov., and 
Saukiella sp., cf. indenta Ulrich and 
Resser. 


In the subsurface of central north- 
ern Illinois the Trempealeau forma- 
tion ranges from 145 to 175 feet 
thick where not reduced by pre-St. 
Peter erosion. It consists of (1) a 
lower, partly glauconitic dolomite 
containing quartz-lined vugs, with- 
out disseminated sand except in 
places at the base, and (2) an upper, 
cherty, mostly sandy dolomite which 
lacks quartz-lined vugs and com- 
monly is non-glauconitic. All of the 
exposed Trempealeau belongs to the 
lower unit, which is correlated with 
the Potosi formation of Missouri 
(Workman and Bell, 1948, p. 2053) 
and with the St. Lawrence and Lodi 
members of the Trempealeau forma- 
tion in Wisconsin. 


South of the area of Trempealeau 
exposures glauconite in the lower 
unit occurs in three discontinuous 
zones of irregular thickness (Will- 
man and Payne, 1942, pp. 56-57). 
The upper unit apparently is not 
exposed. Although it is encountered 
in wells at Ashton and Dixon, Lee 
County, it lenses out northward and 
is absent at Rochelle and elsewhere 
in Ogle County, The upper unit is 


correlated with the Eminence forma- 
tion of Missouri (Workman and 
Bell, 1948, p. 2053) and with the 
Jordan and Madison members of the 
Trempealeau formation in Wiscon- 
sin. Continuous subsurface tracing 
of the Illinois Trempealeau units 
into the Wisconsin outcrop area is 
prevented by the presence of a ma- 
jor westward-trending pre-St. Peter 
valley just north of the Cambrian 
exposures, along which much or all 
of the Trempealeau formation has 
been removed (Meyer, 1948). 


In Wisconsin the Franconia-Trem- 
pealeau contact is marked by a 
diastem (Twenhofel, Raasch and 
Thwaites, 1935, pp. 1705-1706, 
1717), but in the Illinois subsurface, 
Franconia-Trempealeau relations 
are conformable and nearly grada- 
tional. The contact at Oregon is 
concealed by a short covered inter- 
val. The Trempealeau-Oneota' con- 
tact in Wisconsin seems unconform- 
able (Twenliofel, Raasch and 
Thwaites, 1935, pp. 1712, 1718). In 
the Illinois subsurface the Trem- 
pealeau-Gunter contact is abrupt, 
and in the quarry at Rochelle it is 
sharp and undulatory, with a relief 
of six inches. These features, to- 
gether with the absence of upper 
Trempealeau (Eminence) strata in 
Ogle County, suggest that a diastem 
or unconformity also separates the 
Trempealeau and Gunter formations 
in northern Illinois. 


Except at Rochelle the exposed 
Trempealeau is overlain unconform- 
ably by St. Peter sandstone or by 
glacial drift. At Oregon the upper 
Trempealeau beds in places have 


1 Although the Gunter formation is present in 
Wisconsin, it has not been differentiated from the 
Oneota formation. 
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been leached and altered to siltstone 
to a depth of at least 4 feet by pre- 
St. Peter weathering, and just south 
of the quarry the Cambrian strata 
abut against a channel-filling of St. 
Peter sandstone. Post-St. Peter 
thrust-faulting has altered the sand- 
stone overlying the Trempealeau 
formation to a quartzite-breccia 
(Bevan, 1935, p. 384). 


Gunter formation—In wells in 
central northern Illinois, 17 to 55 
feet of impure dolomite and sand- 
stone lies between the Trempealeau 
and Oneota dolomites. In the past 
these beds have been variously as- 
signed to the Jordan, Gunter-Jor- 
dan, or Oneota formations. Recent 
studies have shown that they are 
very similar lithologically to the type 
Gunter formation of Missouri, and 
can be traced into that formation; 
they also can be traced to southern 
Wisconsin, where they overlie the 
latest Cambrian Madison sandstone 
and are included in the Oneota for- 
mation. Differentiation of Gunter 
strata thus involves a slight redefini- 
tion of the term Oneota as used in 
Iowa and Wisconsin. In Minnesota 
the Kasota and Blue Earth forma- 
tions (Powell, 1935) probably are 
equivalent to all or part of the 
Gunter formation. 


Known Gunter exposures in Illi- 
nois are confined to the quarry 6 
miles south of Rochelle, described 
above under Trempealeau formation, 
and to a small exposure in a pros- 
pect pit and ravine, NW%4, NW% 
SW sec. 31, T. 23 N., R. 11 E., 
Ogle County (Dixon quadrangle), 
5 miles southeast of Oregon (fig. 4). 
In the Rochelle quarry (figs. 6, 8) 
the Gunter formation is 10 feet 3 
inches thick, and consists principally 





Fic. 8.—Gunter and Oneota dolomites 
in quarry south of Rochelle, N. line 
NE% SE% NE% Sec. 26, T. 39 N., R. 
1 E., Lee County, Ill. 


of argillaceous, silty, finely glau- 
conitic, greenish-gray to cream, 
chalky dolomite which contains very 
fine muscovite flakes, and is slightly 
sandy in the lower 2 feet 9 inches. 
The dolomite is in irregular, lami- 
nated beds from 1 to 12 inches thick, 
separated by green clay partings. 
Some layers are algal and have high- 
ly undulatory bedding surfaces. Ir- 
regular masses of oolitic chert are 
common near the base and middle 
of the formation. Five feet below 
the top of the Gunter is a 30-inch 
bed of buff, medium crystalline, 
vuggy, cherty dolomite which closely 
resembles the overlying Oneota for- 
mation. The exposure 5 miles south- 
east of Oregon is very poor, and is 
composed of eight feet of impure, 
thin-bedded dolomite like that at 
Rochelle, but partly maroon. The 
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Gunter here is overlain by two feet 
of Oneota dolomite, but no Trem- 
pealeau strata are exposed. 


In subsurface (Workman and 
Bell, 1948, pp. 2054-2055) the Gun- 
ter formation consists of (1) very 
fine- to coarse-grained, poorly sorted 
to locally well sorted, incoherent 
sandstone, (2) varicolored dolomite 
which is chiefly chalky to litho- 
graphic and dense, and is partly 
argillaceous, silty or sandy, (3) vari- 
colored, oolitie to locally sandy chert 
which is principally white to orange, 
and (4) small amounts of slightly 
sandy, blue-green and dark-red, 
laminated, hard, smooth shale. 

The sandstone ordinarily is clean 
and white, but locally is argillaceous 
and gray-green. The fine sand is 
angular; the medium and coarse 
sand is mostly rounded, although 
some grains have been made angular 
by secondary crystalline quartz. The 
poorly sorted sandstone normally 
contains free, medium to coarse, sili- 
ceous oolites. A five-foot bed of ar- 
gillaceous, fine- and coarse-grained 
sandstone marks the top of the Gun- 
ter in wells between Dixon and Ore- 
gon, but lenses out eastward before 
reaching Ashton. 


Small Cryptozoén domes in the 
quarry south of Rochelle are the only 
fossils observed in Gunter strata. 

Oneota formation.—The principal 
exposures of the Oneota formation 
in northern Illinois are as follows 
(figs. 1, 4) : 

(1) On the west side of Fox 
River opposite Millbrook, Kendall 
County, where 12 feet crops out in 
a stream channel at a breached earth 
dam, SEY, NW SE see. 8, T. 
36 N., R. 6 E. (Sandwich quad- 
rangle) ; 10 feet. is exposed in a small 


quarry, SE corner NEY NEY 
SE sec. 8, and 2 feet is exposed 
in an abandoned quarry, SW corner 
SW SWY% NW see. 9. 

(2) In the quarry 6 miles south 
of Rochelle, where 31 feet is exposed 
(fig. 8), and in a shallow quarry 
14 mile eastward. 

(3) At Ashton, Lee County, in 
three quarries in the NW see. 27, 
in two quarries on opposite sides of 
the road along the north line of the 
E% see. 27, just east of State High- 
way 330, and in a shallow quarry in 
the center of the NE\4 see. 27, T. 22 
N., R. 11 E. (Rochelle quadrangle). 
Here from 10 to 31 feet of rock is 
exposed in the individual quarries, 
and the total stratigraphic interval 
represented in the quarries exceeds 
50 feet. 


(4) Shallow quarries 2 and 3% 
miles northwest of Ashton, W. line 
NEY NEY NW see. 20 and 
NWY% NW% SW see. 18, T. 22 
N., R. 11 E., Lee and Ogle counties, 
exposing 8 and 16 feet of dolomite, 
respectively. 


(5) Quarry 5 miles southeast of 
Oregon, S. line SEY, NWY%,NEWY 
sec. 31, T. 23 N., R. 11 E., Ogle 
County, exposing 12 feet of deeply 
weathered rock. 


(6) Quarry and ravine 4 miles 
south of Oregon, SWY%, SW% sec. 
26, T. 23 N., R. 10 E., Ogle County, 
exposing 45 feet of dolomite. 


(7) Cut on north side of State 
Highway 2, two miles south of Ore- 
gon, NEY SE SE see. 17, T. 23 
N., R. 10 E., Ogle County. 

(8) Ravine 6 miles south of Ore- 
gon, SEY, SEY SE see. 4, T. 22 
N., R. 10 E., Ogle County, where 
35 feet of dolomite crops out. 
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Loealities 4 through 8 are located 
in the Dixon quadrangle. A few 
other small, scattered exposures less 
than 5 feet thick also occur near the 
principal localities listed above (fig. 
4). 


Most of the Oneota formation con- 
sists of light-gray to blue-gray, uni- 
formly coarsely crystalline, dense, 
cherty dolomite in massive beds as 
much as 15 feet thick. Most indi- 
vidual erystals range from 1 to 2 
mm. in diameter, and make the rock 
the most coarsely crystalline dolo- 
mite in the Illinois Paleozoic se- 
quence. Upon weathering the dolo- 
mite breaks down into regular, fri- 
able, 6- to 24-inch beds with dull 
brown-gray, coarsely ‘‘sandy’’ sur- 
faces, and the interior turns light 
buff with white flecks representing 
decayed cement between the dolo- 
mite crystals. Vertical faces gener- 
ally are regular, although occasional 
beds have a brecciated or pseudo- 
fucoidal structure and a rough face. 
Bedding surfaces are rough but have 
low relief. Except for occasional 
green clay films within the beds the 
rock is pure. At one locality (No. 
8) thirty-five feet of upper Oneota 
dolomite is mainly finely crystalline 
and weathers to a coarsely pitted 
face; these features have not been 
noted elsewhere and apparently re- 
flect local facies-change. 


Basal Oneota strata exhibit con- 
siderable differences from the main 
body of the formation. Much of the 
lowermost 9 to 10 feet is lithographic 
to finely crystalline, is in regular 
2- to 8-inch layers with smooth bed- 
ding surfaces, and weathers deep 
buff. In the quarry south of Rochelle 
some boulder-like, algal masses of 
lithographic limestone are present in 


this basal zone ; greenish-gray to buff 
shale partings are common, and the 
upper 6 inches of the zone are silty 
and laminated. Here the basal zone 
represents a transition from Gunter 
to typical Oneota sedimentation. 


Gray, white, and light yellow to 
pink or red chert, most of which is 
sandy, oolitic, conglomeratic, or 
strongly banded, occurs throughout 
the Oneota formation. In places the 
chert forms layers, lenses, or spher- 
oidal masses as much as.1 foot thick, 
but in others it consists of numerous 
small, irregularly shaped and orient- 
ed, angular fragments which locally 
form a disconnected meshwork with- 
in the beds. The lower 12 to 60 feet 
of the formation ordinarily are fine- 
ly glauconitic and somewhat sandy ; 
a few sandy streaks are found at 
higher horizons. 





Cryptozoén is present to common , 


in nearly all Oneota exposures and 
forms conspicuous small domes on 
the floor of the quarry at Ashton, 
center NE, sec. 27 (part of Lo- 
eality 3). Gastropod molds pre- 
served mainly in chert from the 
quarry at Ashton, SW%, SW% 
SE sec. 22 (part of Locality 3) 
have been identified as: Gasconadia 
putilla (Sardeson), Ophileta sp., 
Rhachopea sp., and Sinuopea sp. 
Identifiable fossils other than Cryp- 
tozodén have not been seen elsewhere. 
The fauna is typical of the Oneota 
formation of Wisconsin and the Gas- 
conade formation of Missouri (UI- 
rich, Foerste and Bridge, 1930, pp. 
186-222; Branson, 1944, pp. 35-47). 
Correlation of this exposure with 
cuttings from two Chicago and 
North Western Railway wells at 
Ashton (Illinois Geological Survey, 
sample sets 289 and 402), % mile 
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south, show that the quarry floor is 
not less than 60 feet above the 
Gunter-Oneota contact. Part or all 
of this concealed interval is believed 
equivalent to the Van Buren forma- 
tion of Missouri (Workman and 
Bell, 1948, p. 2056). 

The total thickness of the Oneota 
dolomite in central northern Illinois 
ranges from 116 to 180 feet. The 
formation shows pronounced thin- 
ning along the crest of the western 
part of the Ashton arch. 

The contacts of the Oneota dolo- 
mite with the adjacent Gunter and 
New Richmond formations seem con- 
formable. Although Payne (Will- 
man and Payne, 1942, pp. 58-59) 
reports an unconformity between the 
Gunter (‘‘Jordan’’) and. Oneota 
formations to the southward, the 
presence of such an unconformity 
has not been confirmed by recent 
studies. 


* New Richmond formation.—The 
New Richmond formation superfi- 
cially resembles the St. Peter sand- 
stone. However, it generally (1) 
has finer, more angular, less frosted 
grains, which more frequently are 
enlarged by secondary crystalline 
quartz, (2) is less well sorted, (3) 
contains free siliceous oolites and 
grains or nodules of chert, (4) has 
a much higher proportion of heavy 
minerals, with abundant accessory 
tourmaline, considerable ilmenite 
and leucoxene, and some garnet, 
(5) is much thinner-bedded and 
more strongly cross-bedded, and (6) 
is better cemented. It contains beds 
of lithographic dolomite and dolo- 
mite-cemented sandstone, has green 
argillaceous streaks in the upper 
part, and has gray, blue, or red 
shale layers in the lower portion 


(Willman and Payne, 1943, pp. 532- 
533; Workman and Bell, 1948, pp. 
2057-2058). In central northern IIli- 
nois its thickness ranges from 16 to 
80 feet, and increases rapidly to a 
known maximum of 190 feet at 
Starved Rock State Park, LaSalle 
County. It is correlated with the 
Roubidoux formation of Missouri, 
which carries the distinctive Lecano- 
spira fauna. 


Exposures of New Richmond in 
Illinois previously had been known 
only along Franklin Creek, Lee 
County, and Fox River, LaSalle 
County (Cady, 1920, p. 107; Knap- 
pen, 1926, pp. 40-43; Willman and 
Payne, 1943, pp. 532-533). The 
present study revealed poor expo- 
sures in (1) a small quarry 3% 
miles east of Grand Detour, SE%4 
SEY NW see. 9, T. 22 N., R. 10 
E., Ogle County (Dixon quadran- 
gle), where 3 feet of sandstone is ex- 
posed beneath Shakopee dolomite, 
and (2) a cut on the north side of 
State Highway 2, two miles south of 
Oregon, NEY SE, SE\ see. 17, T. 
23 N., R. 10 E., Ogle County (Dixon 
quadrangle), where 11 feet of sand- 
stone, with covered intervals above 
and below, crops out between Oneota 
and Shakopee strata. Samples from 
both outcrops are slightly dolomitic 
and show the typical New Richmond 
heavy mineral suites (table 1). It 
is very probable that other outcrops 
of New Richmond exist in the north- 
east quarter of the Dixon quad- 
rangle, where they have not been 
differentiated from St. Peter sand- 
stone. Because the New Richmond 
offers little resistance to erosion, ex- 
posures not on major stream chan- 
nels are mostly veneered by soil or 
Shakopee float. 
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TABLE 1.—HEAvy MINERAL ANALYSES OF 
NEW RICHMOND SANDSTONE IN 
NORTHERN ILLINOIS, IN 
PERCENT 








Locality 1 2 3 4 





Garnet........ 3.0| 17.0} 3.0) 06 
Ilmenite....... 17.0 | 17.0 | 20.0 | 4.4 
Leucoxene..... 22.0 | 10.0} 18.0 |13.5 
Magnetite..... OP 2 ie 5 ee 2 ee 
Tourmaline....| 42.0 | 35.0 | 36.0 |55.5 
Sireoe 55. ee 12.0 | 10.0 | 15.0 |26.2 


Miscellaneous..| 3.0| 5.0] 6.0)].... 














Percent of heavy 
minerals by 
weight...... . 0.006; 0.003) 0.006).... 








Locality 1: 5’ below top of sandstone in 
bluff on north side of Franklin Creek, 
N. line SEY NW% SW% sec. 34, T. 22 
N., R. 10 E., Lee County. Locality 2: 
2’ below top of sandstone in quarry, 
SE% SE% NWY% sec. 9, T. 22 N., R. 10 
E., Ogle County. Locality 3: 15’ below 
top of sandstone in bluff on west side 
of State Highway 2, NE% SE% SE% 
sec. 17, T. 23 N., R. 10 E., Ogle County. 
Locality 4: Average of 19 samples from 
upper 23 feet of sandstone at ravine 
mouth, NW% SW% SW% sec. 8, T. 35 
N., R. 5 E., LaSalle County. Analyses 
for localities 1, 2 and 3 by T. C. Busch- 
bach; analyses for locality 4 by Paul 
Herbert, Jr. 


Shakopee formation.—The Shako- 
pee formation consists of irregular, 
alternating, varicolored beds of dolo- 
mite, shale, siltstone, and sandstone, 
with dolomite greatly predominat- 
ing. The dolomite shows great varia- 
tion in purity, color, crystal size, 
porosity, and bedding. Most of it 
is argillaceous, silty, sandy, cherty, 
locally glauconitic, light gray to yel- 
low-buff, chalky to finely crystalline, 
dense, and thin-bedded. Brecciated 
and conglomeratic beds are very 


common. Bedding surfaces generally 
are ripple-marked and mud-eracked, 
and show occasional molds of eubic 
salt erystals. Beds of relatively 
pure, medium crystalline dolomite, 
as much as 18 inches thick, are com- 
mon in the lower part of the forma- 
tion. Although such beds locally re- 
semble Oneota dolomite they lack 
the distinctive chert layers, chert 
fragments, and coarsely ‘‘sandy”’ 
weathered surfaces of the latter for- 
mation, are thinner-bedded, and con- 
tain thin interbeds of typical Shako- 
pee argillaceous dolomite. The chert 
is mostly oolitic, but partly sandy 
or conglomeratic. The sandstone 
heavy mineral suites have a higher 
percentage of garnet and ferromag- 
nesian minerals than do those of the 
New Richmond sandstone (Willman 
and Payne, 1943, p. 535). Several 
layers of bentonite are present in a 
quarry in the SW% SEY NW% 


sec. 6, T. 23 N., R. 10 E., Ogle’ 
County (Oregon quadrangle), 21% * 


miles west of Oregon. 


The thickness of the Shakopee in 
central northern Illinois ranges from 
zero to about 165 feet, but in- 
creases rapidly to more than 600 feet 
in south-central Illinois. The Shako- 
pee is correlated with the Jefferson 
City and Cotter formations of Mis- 
souri (Workman and Bell, 1948, 
pp. 2058-2060), although equivalents 
of younger Missouri formations may 
be included locally. 


The Shakopee dolomite rests con- 
formably on New Richmond sand- 
stone, but is separated from the over- 
lying St. Peter sandstone by a major 
unconformity. 

Known exposures of the Shakopee 
formation in Illinois are found (1) 
along the Illinois River and its tribu- 
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taries from LaSalle east to Utica, 
LaSalle County (Cady, 1919, pp. 
35-36), (2) along Fox River near 
Sheridan and Millington, in LaSalle 
and Kendall counties (Willman and 
Payne, 1943, pp. 534-538), and (3) 
along Rock River and its tributaries 
between Franklin Grove, Lee 
County, and a point 214 miles west 
of Oregon, Ogle County. Its dis- 
tribution in the latter area is shown 
in fig. 4. 


STRUCTURAL GEOLOGY 


Ashton arch.—Most of the Cam- 
brian and lower Ordovician expo- 
sures described above lie on the 
erest or flanks of a major anticline 
which trends N. 60° W. across north- 
ern Illinois from central’ western 
Will County to central Ogle County, 
and which is here named the Ashton 
arch (figs. 1, 4). The name is de- 
rived from the town of Ashton, Lee 
‘County, which is located near the 
crest of the western portion of the 
arch, and near which Cambrian 
and lower Ordovician formations, 
brought to the surface by the arch, 
are well exposed. 

The Ashton arch first was ree- 
ognized by Cady under the name 
Ogle, Lee, and LaSalle counties anti- 
cline (Cady, 1920, pp. 90, 127-128, 
fig. 8), although later studies modi- 
fied the original concept of its loca- 
tion and extent. It formerly was 
considered to mark the crest of the 
Kankakee arch, a broad uplift which 
connects the Cincinnati and Wis- 
consin arches and separates the IIli- 
nois and Michigan basins (Pirtle, 
1932, p. 149, fig. 1; Ekblaw, 1938). 
However, it has been found (1) that 
the pre-St. Peter axis of the Kanka- 
kee arch passes through the north- 
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east corner of Illinois (Bays and 
others, 1945; Cohee, 1945, fig. 4; 
Meyer, 1948) and (2) that the post- 
St. Peter axis (Cohee, 1945, fig. 5; 
1948, p. 1441, fig. 1) merges into 
the east flank of the Hersher anti- 
cline which is separated from the 
Ashton arch by a northward-trend- 
ing syneline (fig. 9). Accordingly 
it appears desirable to introduce a 
separate name, Ashton arch, for the 
relatively local uplift between Will 
and Ogle counties. 


The Ashton arch is bounded on 
the north throughout most or all of 
its length by the Sandwich fault 
zone. A graben and a syncline sepa- 
rates the western part of the arch 
from the smaller, parallel Oregon 
anticline on the north (fig. 4). A 
syncline also separates the eastern 
portion of the arch from the LaSalle 
anticline (fig. 9). The LaSalle anti- 
cline merges into the arch along the 
LaSalle-Lee County boundary, and 
cannot be distinguished farther 
north. However, a southward prong 
of the arch, which may represent 
a continuation of the LaSalle anti- 
clinal trend, extends northwestward 
from Dixon to the Savanna-Sabula 
anticline. The southwestward flank 
of the Ashton areh dips steeply into 
the Illinois basin. The western end 
plunges into the small but deep Polo 
basin, named herein from the town 
of Polo, Ogle County, which lies on 
the west side of the basin. 


The Ashton arch has a length of 
80 miles and a width of 17 to 25 
miles. The structural relief on the 
southwestern side is about 1,900 feet, 
and the maximum relief on the 
northern side at least 900 feet. The 
axis of the arch is at, or a short dis- 
tance south of, the Sandwich fault 
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zone. The arch has a broad, nearly 
flat summit area, most of which dips 
very gently southward. The steepest 
dips on the structure, found on the 
southwest flank, are only from 1° 
to 3°. 


Sandwich fault zone and Oregon 
anticline —The Sandwich fault zone 
parallels the strike of the Ashton 
arch and bounds the northeastern 
side of the arch for most or all of 
its length. It has been traced from 
southern Will County to a point in 
northeastern Lee County 6 miles 
south of Rochelle, a distance of 68 
miles, and probably continues at 
least 20 miles farther, to a point 2144 
miles southwest of Oregon, in central 
Ogle County (figs. 1, 4, 9). The 
fault zone has a maximum down- 
throw of at least 900 feet on the 
northeast side. Because the fracture 
appears to be compound rather than 
single the term fault zone is applied. 


Between Rochelle and Oregon the 
structure on the northeastern or 
downthrown side of the fault is com- 
plicated by a sharp uplift called the 
Oregon anticline (Bevan, 1935), the 
erest of which approximately paral- 
lels the Ashton arch and Sandwich 
fault zone and lies from 2 to 3 miles 
northward from the latter. The Cam- 
brian exposure at Oregon, a small 
Oneota exposure in the SE%, SE 
NE, sec. 30, T. 22 N., R. 11 E., 
Ogle County (Dixon quadrangle), 
and a Shakopee exposure in the 
SW SEY NW sec. 6, T. 23 N., 
R. 10 E., Ogle County (Oregon 
quadrangle), are located on the anti- 
cline. The Oregon anticline contin- 
ues northwestward to join the Sa- 
vanna-Sabula anticline. A synclinal 
belt separates the Oregon-Savanna- 
Sabula anticlines and associated 
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branch uplifts from the main body 
of the Wisconsin arch on the north. 


A narrow graben and a tightly 
compressed syncline, bounded on the 
south by the Sandwich fault zone, 
separate the Oregon anticline from 
the Ashton arch (fig. 4). The graben 
is well exposed in the cut on the 
Chicago, Burlington, and Quincy 
Railroad, just south of the center 
of sec. 7, T. 23 N., R. 10 E., where 
a dropped block of Galena dolomite 
is bounded by faults which bring 
the top of the St. Peter sandstone on 
the southwest and lower Platteville 
beds on the northeast to the same 
elevation as the Galena strata. The 
throw on the south side of the block 
is more than 165 feet and that on the 
north side is over 130 feet. The 
block is about one-half mile wide and 
is cut by numerous minor step- 
faults. Sharp synelinal folding with- 
in the graben is well developed in 
Platteville strata exposed at inter- 
vals from the NWY4 SW SEY 
sec. 26, T. 23 N., R. 10 E., to the 
NEY NW NE see. 31, T. 23 
N., R. 11 E., Ogle County (Dixon 
quadrangle), where northward dips 
range from 2° to 10° and southward 
dips from 14° to 30°. 


Structural history. — The major 
movement along the LaSalle anti- 
cline in northern Illinois was 
post-Mississippian, pre-Pennsylvan- 
ian, followed by lesser uplift in post- 
Pennsylvanian time (Payne, 1939). 
On the Ashton arch, Sandwich fault 
zone and Savanna-Sabula anticline, 
and probably on the Oregon anti- 
cline as well, the principal movement 
was at least post-Silurian, and may 
have taken place at about the same 
time as uplift on the LaSalle anti- 
cline. It is uncertain whether the 
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Ashton arch owes its present form 
solely to downthrow along the north- 
ern side of the Sandwich fault zone, 
or whether the arch formed prior 
to the faulting. 


The general northwestward to 
westward structural grain of north- 
ern Illinois (fig. 9) is affected by 
subordinate northeastward-trending 
cross folds of uncertain age. It is 
possible that the post-St. Peter Kan- 
kakee arch of northwestern Indiana, 
uplifted mainly in _post-Pennsyl- 
vanian time, onee was continuous 
with the Ashton arch, but was sepa- 
rated from it by later cross folding. 


There is considerable evidence for 
pre-St. Peter deformation in the 
area occupied by the Ashton arch, 
although generally it cannot be 
proved that the trend of the defor- 
mation paralleled that of the present 
structure. Upper Trempealeau 
(Eminence) strata thin or wedge 
out northward over the arch, but 
reappear in northernmost Illinois 
and southern Wisconsin, across a 
major pre-St. Peter valley. The 
Oneota formation thins conspicuous- 
ly over at least the western part of 
the arch, parallel to its general 
trend. The earlier movements cul- 
minated in uplift, foJding, and ero- 
sion in post-Shakopee, pre-St. Peter 
time. At places in Lee and Ogle 
counties Shakopee strata are thrown 
into close folds which do not affect 
the overlying St. Peter sandstone 
(Knappen, 1926, pp. 83-84, 111) ; al- 
though formerly attributed to pre- 
St. Peter slumping, the folding is 
considered diastrophie by the writ- 
ers. Along Fox River in LaSalle 
and Kendall counties the Shakopee 
shows steep dips which do not ac- 
cord with the gentler post-St. Peter 


structure in amount or direction 
(Willman and Payne, 1948, fig. 1). 
At Oregon, Ogle County, a_post- 
Shakopee, pre-St. Peter fault cut- 
ting Cambrian strata has a down- 
throw of 285 feet on the western 
side. Where adequate subsurface 
control is available the interval be- 
tween the top of the Glenwood for- 
mation and pre-St. Peter horizons 
in central northern Illinois shows 
sharp irregularities which cannot be 
explained by variation in the thick- 
ness of the formations, and which 
are attributed to post-Shakopee, pre- 
St. Peter deformation. Unfortunate- 
ly the amount or trend of such de- 
formation along most of the Ashton 
arch cannot be estimated because 
(1) the deeply incised pre-St. Peter 
drainage system makes the base of 
the St. Peter valueless for struc- 
tural control, and (2) erosion has 
stripped away the post-St. Peter 
formations. 
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BARITE IN THE LASALLE LIMESTONE OF ILLINOIS* 


RAYMOND S. SHRODE 
Illinois State Geological Survey, Urbana 


Many strata in the LaSalle lime- 
stone contain quartz, pyrite, and 
vugs of crystalline calcite in relative 
abundance. To date, however, the 
presence of barite has not been re- 
ported. This paper discusses and de- 
scribes an occurrence of this mineral. 

The barite was found in the upper 
part of the LaSalle limestone near 
the top of the limestone exposed in 
the abandoned LaSalle Stone Com- 
pany quarry near LaSalle, in the 
SWY% SW NEY see. 13, T.33 N. 
R.1 E. and also in another quarry 
adjacent on the west. The mineral 
is easily distinguished in hand speci- 
mens of the limestone by its light 
pink color. It occurs in small masses 
of thin blades, or sheets, which are 
easily separated with the fingernail. 

The barite was identified by blow 
pipe and optical mineralogy tech- 
niques which were confirmed by 
x-ray analyses.’ Indices of refrac- 
tion check well with those commonly 
reported for barite. A series of spe- 
cific gravity determinations with a 
Jolly balance averagéd 4.151. This 
value is lower than the commonly re- 
ported gravity, but may be due to 
porosity resulting from the bladed 
character of the mineral. 


Figure 1 shows a broken surface 
through the interior of a calcite- and 
barite-filled cavity. The light area 
in the center is the barite. Sur- 
rounding the barite is a zone of 
coarsely crystalline dark calcite 
~ *Published with the permission of the Chief, 


Illinois State Geological Survey. 
1 Bradley, W. F., personal communication, 1951. 


which owes its color to a very thin 
coating, believed to be ferruginous. 
The triangular shape of many of the 
grains results -from the exposure of 
only three faces of rhombic erystals. 
Some dark calcite grains are also 
evident adhering to the main body 
of the barite. 


Figure 2 is another cavity which 
has been sawed, smoothed and etched 
with hydrochloric acid to bring the 
barite into relief. The white-appear- 
ing barite in the center of the figure 
is partially surrounded by dark, 
coarsely crystalline calcite which 
blends into more finely crystalline 
clear calcite. The outline of the 
barite, however, is well defined and 
conforms to the outline of the coarse 
calcite crystals. The mottled area in 
the lower right-hand portion of the 
photograph is limestone matrix. 

Figure 3 is a thin section of a por- 
tion of a filled cavity. The cavity 
wall shown in the figure is part of 
a fossil or fossils. Just inside the 
cavity wall in the upper right a very 
thin zone of fine calcite is indis- 
tinctly visible. Radiating from the 
finely crystalline calcite is a layer 
of coarse calcite. A large calcite 
crystal is visible in the lower left of 
the photograph. The barite fills the 
space within the coarse calcite zone, 
and does not show erystal bounda- 
ries, but is in part characterized by 
a lack of evident erystallinity and 
faint striations running from upper 
left to lower right which result from 
its bladed structure. The conforming 









LaSalle Limestone 





Fie. 1—Broken surface of a small cavity filled with barite 
and lined with dark calcite. X 10. 








Fie. 2.—Smoothed and etched surface of a barite-filled cavity. X 10. 














128 Illinois Academy of Science Transactions 





Fic. 3—Section of a portion of a cavity lined with coarse calcite 


and filled with barite. X 20. 


contact of the barite and the coarse 
calcite crystals is marked by rela- 
tively dark lines caused by the coat- 
ing on the calcite previously men- 
tioned. 


The figures show two and possibly 
three stages of cavity filling. Dur- 
ing the first the clear calcite of rel- 
atively small crystal size was formed 
on the cavity walls, followed by 
coarser and more euhedral ecrystal- 
line calcite which appears dark. 
Lack of a clearly defined line be- 
tween the two caleites suggests con- 
tinuous deposition with conditions 
in the latter stage favoring the 
growth of larger and more perfect 
crystals. Subsequent to their com- 
plete growth the coarse calcite crys- 
tals have been coated with a thin 
brown to light-brown coating 


thought to be ferruginous. In some 
cavities this stage is absent, and the 
phenomenon is a local one. The 
barite postdates all other stages. 
This is indicated by the well-defined 
contact between the barite and the 
dark coarse calcite shown in figures 
2 and 3, and is further borne out by 
the fact that some cavities contain 
the fine and coarsely erystalline ‘cal- 
cite in varying amounts, but are 
devoid of any barite. The presence 
of a few ealcite crystals attached to 
or within the barite, figures 1 and 3, 
might be interpreted to mean con- 
temporaneous or penecontemporan- 
eous deposition of the two minerals, 
but it is believed more likely that 
the calcite crystals projected from 
a portion of the cavity wall de- 
stroyed during preparation of the 
specimens for study. 
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APPLICATIONS OF THE STATISTICAL SLOPE 
ORIENTATION DIAGRAM 


CARLETON A. CHAPMAN 
University of Illinois, Urbana 


Most analytical methods dealing 
with areal slope relations are con- 
cerned primarily with but one of 
the two slope elements, namely, 
slope angle. The other element, 
slope direction or slope strike, which 
in many cases may be as significant 
as slope angle, is not considered. 

The purpose of this paper is to 
point out a system whereby quantita- 


tive slope studies may be undertaken 


which involve slope direction rela- 
tions as well as those of slope angles. 
The successful application of this 
scheme to topographic problems is 
dependent upon the verity of the 
following concept. All topographic 
surfaces are a function of numerous 
factors such as climate, nature of 
underlying rock material, age of sur- 
face, geographical position, and geo- 
logical processes involved. Each 
land surface has formed as a result 
of some combination of these factors, 
and each factor is in part responsible 
for the complicated slope pattern 
produced. If it were possible to sim- 
plify the slope picture and blend it 
into a clear-cut image of quantita- 
tive three-dimensional relations, we 
might have an effective tool for de- 
termining certain of the numerous 
factors which have played significant 
roles in fashioning a land surface. 
The writer believes that we have 
such a means of representing the 
various types of slope relationships 
in the simple and lucid delineation 


whieh is termed the ‘‘statistical slope 
orientation diagram.’’ This dia- 
gram, briefly called the SSO dia- 
gram, may be prepared from the 
topographic map of an area. Slope 
directions and slope angles are meas- 
ured at a large number of uniformly 
distributed points on the map. The 
number of measurements should be 
sufficient to give a statistical cover- 
age; and this number will vary with 
the texture, grain, homogeneity, etc., 
of the topography. Normally a few 
hundred points are sufficient to rep- 
resent a hundred square miles, al- 
though in some instances fewer 
points may be adequate and in others 
many more may be required. Having 
made the necessary number of slope 
measurements, the next problem is 
to plot them all on a common dia- 
gram. This may be done by the pro- 
jection method. 

Each slope surface is visualized as 
a plane cutting the center of a sphere 
(the projection sphere). A line con- 
structed perpendicular to this plane 
and passing through the sphere’s 
center is called the pole of the plane. 
This pole will intersect the sphere 
at two points, one generally on the 
upper hemisphere the other on the 
lower hemisphere. Only the apper 
point need be considered here. This 
point may be said to represent the 
plane in spherical projection. Since 
this projection involves a_three- 
dimensional model, a more conven- 
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Fia. 1.—Hypothetical statistical slope orientation diagrams. 


ient method is to use a two-dimen- 
sional plot as is employed in crystal 
projection, petrofabric diagrams, 
and map making. 

For our present purpose an equal- 
area projection net (commonly 
called a Schmidt net or equi-areal 
equatorial projection net) is used. 
The slope angle and slope direction 
at each point on the topographic 
map are represented by a single 


point on the projection net just as 
in the case of spherical projection 
mentioned above. The point on the 
plot represents the pole of the slope 
plane, the pole being the line normal 
to the slope plane. When all slope 
values are plotted the pole diagram 
is completed (see fig. 2a). To render 
these data still more intelligible the 
density distribution of poles may be 
shown by contour lines in the same 
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manner employed in petrofabric dia- 
grams (see fig. 2b). Only the central 
part of the equal-area projection 
need to be shown as few points fall 
outside the 30° circle. Details for 
the construction of these equal-area 
diagrams may be found in the stand- 
ard works of Knopf and Ingerson 
(1) and Fairbairn (2). 


INTERPRETATION OF SSO 
DIAGRAMS 


In order to understand the rela- 
tionship between the SSO diagram 
and topography, a few examples will 
be considered. The SSO diagram of 
a nearly flat plain would show a 
strong concentration of poles at the 
center. This concentration is called 
a maximum and is illustrated by the 
hypothetical example shown in fig- 
ure la.\ A very smooth but somewhat 
sloping surface would show a maxi- 
mum slightly off-center in the SSO 


‘diagram. The degree of off-centering 
. would be determined by the slope 


angle of the surface and the direc- 
tion of off-centering would be de- 
termined by the direction of slope. 
The diameter of the central maxi- 
mum concentration decreases as the 
topographic plain approaches a geo- 
metrical plane. The shape of the 
maximum changes from roughly cir- 
cular, for areas with no preferred 
stream orientation, to highly ellip- 
tical or elongate for areas of marked 
stream parallelism. 

Figure 1b shows a concentration 
of poles along a north-south line of 
the diagram. By analogy with petro- 
fabric diagrams this elongate or belt- 
like concentration is here called an 
incomplete girdle. The north-south 
girdle represents a concentration of 
topographic slopes which trend in 
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an east-west direction; and, there- 
fore, the valleys and ridges trend 
east-west. In other words, incom- 
plete girdles are formed perpendicu- 
lar to valley trends, and figure 1b is 
a hypothetical SSO diagram of sim- 
ple ridge-and-valley topography in 
which there is a marked east-west 
parallelism of streams. From this 
diagram we may assume that valley 
cross sections are essentially sym- 
metrical because the distribution of 
poles to the north and south of the 
center point is symmetrical. If 
north slopes, for example, had been 
somewhat steeper than south slopes, 
the incomplete girdle would have 
extended farther to the north of the 
center point than to the south of it. 


In areas which show two directions 
of preferred stream orientation, such 
as is characteristic of trellis drain- 
age, two elliptical bands or ineom- 
plete girdles would intersect (at ap- 
proximately 90°) at the mid-point 
of the SSO° diagram. |The stream 
set associated with the steeper slopes 
would be indicated by the more ex- 
tensive incomplete girdle. 


Another type of diagram is that 
characteristic of the canyon-and- 
mesa country (see fig. lc). Here the 
slopes fall into two highly contrast- 
ing groups: the very steep and the 
very gentle. In general the nearly 
flat surfaces cover the greater map 
area; and a very strong concentra- 
tion of poles, therefore, will show up 
at the center of the SSO diagram. 
Out beyond this strong central maxi- 
mum a ring of low pole-concentra- 
tion will oceur. This in turn will be 
surrounded by a more or less con- 
tinuous ring or small-circle girdle 
of moderate pole-concentration 
which represents the steep canyon 
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slopes. Any preferred stream orien- 
tation will be revealed in this dia- 
gram by the symmetry of the outer 
annular concentration. Poles uni- 
formly distributed throughout this 
small-circle girdle indicate no pre- 
ferred orientation of streams, where- 
as broken rings or incomplete small- 
circle girdles show a preferred slope 
orientation which may be due to the 
orientation of streams or the control 
of rock structure. 

In most of the SSO diagrams 
studied so far by the writer, a high 
pole-concentration appears at the 
center indicating the high percent- 
age of area underlain by gentle 
slopes in many types of topography. 
In striking contrast to this apparent- 
ly general tendency is the badland 
topography. Here steep slopes pre- 
dominate and a pronounced small- 
circle girdle is expected with a low 
or inconspicuous maximum at the 
center of the SSO diagram (see fig. 
1d). Again, as in the canyon-and- 
mesa country, any structural con- 
trol or preferred stream orientation 
may be reflected in the nature of the 
small-cirele girdle. 


EXAMPLES OF SSO D1iaGRAMsS 


Consideration may now be given 
to actual examples of SSO diagrams 
for contrasting types of topography. 
Figure 2b is an SSO diagram of the 
Arnoldsburg quadrangle, W. Va. | 
The area represents a mature topog- 
raphy with dendritic drainage and 
an average relief of about 400 feet. 
The map used for constructing the 
diagram was the edition of 1907, 
the area having been surveyed in 
1905 on a seale of 1:62,500 and a 
contour interval of 20 feet. 


The uniformity of topographic ele- 
ments throughout the area seems to 
suggest that the 392 poles chosen 
for the diagram are adequate to 
represent statistically the numerous 
slope relationships. In the diagram 
very few poles fall outside the 30° 
circle indicating that slopes greater 
than 30° are relatively rare in the 
Arnoldsburg quadrangle. For con- 
venience the 10°, 20°, and 30° circles 
are shown on the SSO diagram. 
Study of this diagram reveals the 
fact that slope angles fall into two 
groups: those of low dip concen- 
trated within the 5° cirele and those 
falling between about 10° and 20°. 
Slopes between about 5° and 10° are 
conspicuously absent and only local 
concentrations of poles beyond the 
20° cirele are to be noted. There 
appears to be, therefore, a strongly 
developed maximum at the center 
and numerous weaker maxima radi- 


ally arranged at about the 15° cirele. * 
This latter group of maxima consti- “ 


tutes a somewhat interrupted small- 
cirele girdle. The SSO diagram 
brings out very clearly a tendency 
for gentle slopes (less than 5°) to 
pass rather abruptly into intermedi- 
ate slopes (10°-20°) and from these 
gradually into steep slopes (greater 
than 20°). 

A rather pronounced incomplete 
girdle extends in an east-west direc- 
tion due to the high frequency of 
east and west slopes which incline 
at about nearly all angles up to 
about 32°. A second ineomplete 
girdle trends at about right angles 
to the first and reflects a slightly 
weaker concentration of north and 
south slopes. A faint and somewhat 
questionable incomplete girdle 
trends NW-SE. 
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The average value for the gentle 
slopes (those less than 8°) is not 
zero degrees but a low angle to the 
east. This is indicated by the some- 
what non-concentrically arranged 
contour lines which appear more 
widely spaced on the east side of the 
central maximum than on the west. 
In contrast to this, the steep slopes 
are more numerous in the northwest 
quadrant, whereas the intermediate 
slopes appear somewhat more uni- 
formly distributed. Considering the 
diagram as a whole, it is approxi- 
mately bilaterally symmetrical but 
it appears to be tilted off-center 
slightly in a northwest direction. The 
symmetry of this SSO diagram may 
be considered monoclinic. It should 
be noted, furthermore, that the sym- 
metry plane trends roughly parallel 
to the principal drainage line of the 
areas and the northwesterly tilt of 
the diagram is in the same direction 
as that of the drainage. A study of 


‘the topographic map may suggest 


to the reader other relationships 
brought out by the SSO diagram of 
this quadrangle. 

A region of low relief and youth- 
ful topography will now be con- 
sidered for purposes of comparison. 
The SSO diagram shown in figure 
3 was prepared for the Ellenton 
quadrangle, 8S. C.-Ga. This quad- 
rangle was surveyed in 1918-1919 on 
a scale of 1: 62,500 and contour in- 
terval of 10 feet. The diagram is 
a plot of 535 poles and does not in- 
elude the flat swampy area along the 
Savannah River. This greater num- 
ber of poles, covering slightly less 
than a quadrangle, gives a somewhat 
denser sample than that for the 
Arnoldsburg quadrangle. After ex- 
amining the topographic map, the 





reader will understand why a 
greater number of measurements is 
required for this less homogeneous 
topography. 

The SSO diagram of the Ellenton 
quadrangle was first prepared on a 
scale four times that of the Arnolds- 
burg quadrangle in order to bring 
out the finer details of pole distribu- 
tion. This diagram is shown in figure 
3a and it should be noted that the 
outer circle represents 744°. The 
diagram was reduced, for purpose of 
comparison, later to the same scale 
as that of the Arnoldsburg quad- 
rangle, and it is shown in figure 3b 
in its proper relation to the 30° 
circle. Perhaps the most striking 
difference between the diagrams of 
these two quadrangles is that in the 
Ellenton quadrangle nearly all poles 
lie within the 5° circle and the area 
oceupied by the central maximum is 
extremely small (about 1° radius). 
The diagram appears roughly radi- 
ally symmetrical but the enlarge- 
ment (4 times) brings out the asym- 
metrical character more clearly. The 
central maximum is very well cen- 
tered with a pole concentration of 
29% at the very center. This maxi- 
mum indicates the high percentage 
of land surface under a slope of one 
degree. For slightly greater slopes 
(1°-2°) the contours become less con- 
centric and more off-center in a 
south-east direction. The steepest 
slopes (2°-5°) are somewhat more 
abundant toward the south and west, 
as is indicated by the direction and 
amount of off-centering of the one 
percent and two percent contour 
lines. 

Two embryonic incomplete girdles 
may be detected in the SSO diagram, 
one trending approximately east- 
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west the other approximately north- 
west-southeast. The steepest of all 
slopes have their poles at the ends 
of these incomplete girdles. In a 
youthful topography the steepest 
slopes are generally confined to the 
walls of narrow valleys which are 
being cut by the most active streams. 
The distribution of the steepest 
slopes on the SSO diagram, there- 
fore, should reveal the stream pat- 
tern of the region. In the SSO dia- 
gram for the Ellenton quadrangle, 
the two embryonic incomplete 
girdles are not sharply separated 
from each other but are somewhat 
gradational. They indicate valley 
trends in north-south and northeast- 
southwest directions. Upon checking 
the topographic map, one finds that 
the larger valleys do trend in these 
principal directions; and the fact 
that these valley directions are den- 
dritically related explains why the 
incomplete girdles are somewhat 
gradational. 


CONCLUSION 


An attempt has been made to show 
that numerous slope relations may 
be brought out by the use of statis- 
tical slope orientation diagrams. 
These diagrams offer us an entirely 
new means of comparing land sur- 
faces not presented by other analyti- 


cal methods. Some of the errors 
likely to be involved in this analyti- 
cal scheme include those of sam- 
pling, slope measurement, diagram 
preparation and map errors. In 
spite of these, however, the method 
is believed to be of definite value. 
The general application of the SSO 
diagrams is apparent but further 
study is required in order to deter- 
mine the limitations of the method. 
It is suggested that the diagrams 
may be of considerable assistance in 
solving a variety of geomorphic 
problems such as: differentiation of 
till sheets; control of jointing, lith- 
ology and rock strueture upon topog- 
raphy ; and the relative modification 
of topography by glaciation. 

It has not been possible in this 
brief paper to consider in detail the 
method of sampling topography, the 
preparation of slope diagrams, and 
the numerous problems relative to 
the use and interpretation of SSO 


diagrams. These topics are being in- © 


vestigated, and it is expected that 
the findings will be presented at a 
future time. 
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REVISION OF CROIXAN DIKELOCEPHALIDS* 


GILBERT O. RAASCH 
Illinois Geological Survey, Urbana 





The trilobites under consideration 
are classic in that before 1914 all 
species then known were assigned to 
the genus Dikelocephalus, Owen, 
1852, which genus was regarded as 
the principal index fossil for the 
Upper Cambrian of the Pacific 
realm. 

Today these same trilobites are 
consciously ignored by biostratig- 
raphers. This change dates from the 
early 1930’s, when Ulrich and Resser 
published their monographic revi- 
sion of the Upper Mississippi Valley 
Dikelocephalidae (Milwaukee Public 
Museum Bull., vol. 12, nos. 1 and 2, 
1930 and 1933). 

Before 1914, less than a dozen 
species of Dikelocephalus were rec- 
ognized as occurring in Upper Mis- 
sissippi Valley strata. That year 
Walcott’s paper reduced the scope 
of the genus by adding several new 
genera, as well as several new species 
to his ‘‘ Dikelocephalinae.”’ 

By 1933, Ulrich and Resser had 
multiplied this conservative figure 
to the astounding total of 123 species 
and varieties. They simultaneously 
succeeded in rendering the Dikelo- 
cephalidae useless for purposes 
either of biostratigraphy or phyl- 
ogeny, and this important fossil 
group has subsequently been 
shunned by paleontologists and stra- 
tigraphers. 

The primary intent of the present 
paper is the restoration of the 


~* Published with permission of the Chief, Illinois 
State Geological Survey, Urbana. 





Dikelocephalidae to a useful status. 
This has involved a reduction of 
names from Ulrich and Resser’s 123 
to 41, or by exactly two-thirds, thus 
eliminating 82 names. Such a re- 
vision is of course tentative, but is 
quite representative of the degree of 
species designation that the situa- 
tion merits. 


CONSIDERATION OF STRATIGRAPHIC 
ASSIGNMENTS 


A secondary objective is assign- 
ment of the species to their proper 
places in the fauni-stratigraphic 
succession. This is necessitated be- 
cause Ulrich’s conception of the re- 
gional stratigraphic relations was at 
serious variance with the facts. 
Since these erroneous stratigraphic 
considerations seriously affected U1- 
rich and Resser’s taxonomic conelu- 
sions, the results were unfortunate. 

For example, what is now con- 
sidered a single sequence, the Frane- 
onia formation, Ulrich formerly 
interpreted as three successive for- 
mations. He applied the name 
Franconia to the greensand facies 
occurring in the region of the Missis- 
sippi. To the equivalent non-glau- 
conitic sandstone facies in central 
Wisconsin he applied the name 
Mazomanie. To a shore facies of the 
same, he applied the term Devils 
Lake formation. He interpreted the 
Mazomanie as successive to the 
Franconia and the Devils Lake as 
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successive to both, in fact post-Cam- 
brian. Thus the phylogenetic suc- 
cession of Franconian dikeloeepha- 
lids is thrice repeated. 

The Trempealeau formation, which 
succeeds the Franconia, he conceived 
as a simple lithologic succession of 
basal dolomite (his St. Lawrence), 
siltstone (his Lodi), fine sandstone 
(his Norwalk). All fossils, therefore, 
that oceurred in siltstone he con- 
sidered to be ‘‘Lodi’’ in age, and all 
in sandstone to be ‘‘ Norwalk.’’ 

The fact is that Lodi siltstone lith- 
ology oceurs at eight different time- 
stratigraphic horizons and Norwalk 
sandstone lithology at six different 
horizons. Not only does the same 
lithology occur at a number of differ- 
ent stratigraphic horizons, but the 
same stratigraphic horizon is com- 
monly represented by different lith- 
ologies in different areas. In these 
cases there is commonly a double 
set of names for each species, one 
for the supposed ‘‘Lodi’’ and one 
for the supposed ‘‘ Norwalk.’’ 

Some of the authors’ stratigraphic 
misconceptions have interesting re- 
sults. For example, the rich faunas 
from leached caleareous fine sand- 
stones at Osceola, Wis., are con- 
sidered to be the latest of Trem- 
pealeau faunas; they are in fact, 
the earliest. 

Another unfortunate result of the 
stratigraphic confusion was the ap- 
plication of some singularly inap- 
propriate specific names. Dikelo- 
cephalus norwalkensis, Saukiella 
norwalkensis, and Tellerina norwalk- 
ensis do not occur in the Norwalk, 
nor does Osceolia lodensis oceur in 
the Lodi. Fortunately, all drop into 
the synonymy. 


CONSIDERATION OF TAXONOMIC 
CRITERIA 


A third objective of the present 
paper is to present a concrete in- 
stance of the effect, on taxonomic 
results, of differing species concepts 
among different paleontologists. 
Once we leave the realm of living 
forms, the species concept is no 
longer subject to the restraint of 
genetic criteria. Inevitably, individ- 
ual paleontologists resort to their 
own methodology in grouping organ- 
isms into species, genera, and higher 
categories. The only test against 
which the quality of any worker’s 
results may be applied is the prag- 
matic one of applicability of his bio- 
logic classification in the fields of 
biostratigraphy and of phylogeny. 
If the classification contributes to 
order it may be assumed to be valid ; 
if it contributes to confusion it may 
with equal justice be assumed to be 
invalid. The responsibility demand- 
ed of the paleontologist is accord- 
ingly great. 


From this viewpoint it follows 
logically that paleontologie studies 
must go hand in hand with strati- 
graphie studies. But erroneous stra- 
tigraphy renders confusion twice 
confounded. 


In the case of Ulrich and Resser’s 
work in the Dikelocephalinae, the 
following practices and concepts 
have contributed to confused tax- 
onomy : 


(1) Basing of species on type 
individuals rather than on popula- 
tions. 


(2) Seeking for minute differ- 
ences rather than for likenesses. 
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(3) Misassociation of the vari- 
ous, separated component parts of 
the skeleton, commonly combining a 
cranidium from one locality, a pyg- 
idium from a second, and free cheeks 
from a third. 


(4) Failure to consider that 
variations may be a result of succes- 
sive growth stages. 

(5) Rejection of any concept of 
individual variation. 

(6) The influence of 
graphic misconceptions. 

(7) Rejection of trinomial clas- 
sification for varieties or subspecies. 

(8) Establishment of species on 
inadequate material. 


strati- 


Basing of species on type individ- 
uals rather than on populations.— 
Under discussion of Calvinella spini- 
ger, on page 222, the authors state: 


However, we will admit at once that 
in studying the many slightly differing 
cranidia of Calvinella that we possess 
from the same bed and place [italics the 
writer’s] on Trempealeau Mountain that 
provided Hall’s original type of the 
species, we found it no easy task to 
determine precisely which particular 
kind is best entitled to the distinction 
of being recognized as the typical form 
of C. spiniger. Though our final selec- 
tion is not entirely satisfactory to us we 
are so nearly correct that the margin 
of error is practically negligible. .. . 

The remainder of the specimens of 
Calvinella that were found with C. 
spiniger, as here restricted, is divided 
into seven varieties and species. 


The series is clearly intergrading 
and in this writer’s opinion, consti- 
tuted a single interbreeding species 
population of distinct zonal value. 


Seeking for minute differences 
rather than for likes—An example 
of proliferation of species by Ulrich 
and Resser is provided by the 
Prosaukia occurrence at Table Rock 
in Adams County, Wis. The fauna 
here comes from a six-inch layer 
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about a foot below the bare rock 
summit of the mesa, the area of 
which is less than an acre. From this 
layer, Ulrich and Resser describe 
eight species of Prosaukia, all but 
one of which appear to constitute a 


single species. The eighth, P. ? 
anomala, belongs to another genus, 
not of the Dikelocephalidae. Most of 
the ‘‘species’’ the authors credit to 
the type locality only. Quoting from 
p. 146: 

All of the . . . species found at the 
Table Rock locality, except P.? anomala, 
seem very closely related. Their cranidia, 
in particular, though distinguishable by 
features that may seem of little import- 
ance, are much alike. The associated 
pygidia, on the contrary, indicate six 
readily discriminated forms, and on this 
account the species are based mainly 
on these. Cranidia, and in most cases 
also free cheeks, are assigned to them 
according to our best judgment. 


Actually none of their pygidia 
are complete, most are highly frag- 
mentary, and in the writer’s opinion 
show no significant differences. 

In connection with one of Ulrich 
and Resser’s species, ‘‘P. alternata,’’ 
these authors frankly state: 


Again the material, which consists of 
a single cranidium, a good free cheek, 
and three imperfect but supplementing 
pygidia, leaves much to be desired. But 
as none of these specimens quite fits any 
of the previously described species and, 
despite their imperfections, permits ac- 
quiring . . . probably a true conception 
of the complete animal, we feel war- 
ranted .. . in describing these and other 
combinations of such dismembered re- 
mains under new names. 


Misassociation of the various com- 
ponent parts of the skeleton—Many 
examples might be cited, but the fol- 
lowing should suffice : 

Dikelocephalus inaequalis is based 
on three types from the basal Jordan 
at Trempealeau, Wis., but the fourth 
type (an hypostoma) comes from 
the basal Trempealeau (five zonal 
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units lower in the section) at a dis- 
tant locality. Its proper association 
should have been with quite a differ- 
ent species, D. thwaitesi. The 
writers, of course, were of the im- 
pression that the enclosing strata 
at the two localities were of the same 
age. 

Failure to consider that variations 
may be a result of successive growth 
stages.—Ulrich and Resser’s multi- 
plication of species of Dikelocepha- 
lus from the Lodi Member is a con- 
sequence largely of failure to recog- 
nize morphological changes which 
accompany growth stages. Ulrich 
and Resser cite (p. 31), but do not 
figure, evidence to refute this, but 
such evidence this writer has never 
observed although he collected most 
of the specimens used by them. He 
feels that at least four of their Lodi 
species are successive growth stages 
of a single species. Since most speci- 
mens are molts, it was quite possible 
for a single individual to produce 
four of Ulrich and Resser’s species. 


Rejection of any concept of in- 
dividual variation—This point is 
best illustrated by an oral communi- 
eation of the junior author to the 
writer. When the latter raised the 
question as to whether some of the 
differences among specimens of 
Dikelocephalus might not represent 
individual variation, Resser cate- 
gorically stated that ‘‘trilobites do 
not vary. If two specimens are 
different, they represent different 
species. ’’ 

The influence of stratigraphic mis- 
conceptions. — Instances are innu- 
merable and lead the authors 
repeatedly into frustrating phylo- 
genetic discussions, in an attempt 
to rationalize seeming anomalies. 


The degree of stratigraphic error 
might best be summed up by citing 
the fact that, of the 473 figures used 
to illustrate the Saukinae, at least 
290 are referred to the wrong strati- 
graphic horizon. 


Rejection of trinomial classifica- 
tion.—The authors’ proliferation of 
species is in part a result of the fact 
that they discriminated, according 
to their criteria, down to the variety 
or subspecies level and then usually 
omitted the middle or species name. 
This is borne out by such printed 
statements as the following: 


However, in general we are opposed 
to trinomial designations. [p. 206.] 


It is of little concern to us whether 
these forms are regarded as “species” or 
“varieties,” or “mutations” or “hybrids.” 
[p. 170.] 

Establishment of species on inade- 
quate material_—That many species 
were set up by the writers on a single 
fragmentary cranidium, pygidium, 
or free cheek is readily evident from 
even a casual inspection of the 
plates. 


REVISION OF THE FAMILY 
DIKELOCEPHALIDAE 


Inasmuch as the family Dikelo- 
cephalidae, as conceived by Miller 
(1889), Waleott (1914), and Ulrich 
and Resser (1930), is revealed by 
unpublished studies of the writer to 
be polyphyletic, it is proposed that 
Ulrich and Resser’s (1930) Saukinae 
be raised to a separate family, the 
Saukidae. Biostratigraphic studies 
show that the Saukinae arise from 
the mid-Franconian Ptychaspidae, 
which are descended in turn from 
early Franconian conaspid trilobites. 
The latter appear to arise directly 
from Old World Parabolina, present 
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in the Upper Mississippi Valley sec- 
tion in the base of the Conaspis zone. 
The Dikelocephalinae (including the 
Osceolinae), on the other hand, ap- 
pear to have descended through the 
late mid-Franconian Briscoia, from 
the earlier Franconian genus Wil- 
bernia. The writer also questions 
the need for the subfamily Osceo- 
linae, comprising the genera Wal- 
cottaspis and Osceolia. Walcottaspis 
appears to be merely a descendant of 
Dikelocephalus, whereas Osceolia is 
an early Trempealeauan, probably 
terminal offshoot of Briscoia. 


REVISION OF THE 
‘* DIKELOCEPHALINAE’”’ 


Ulrich and Resser’s, 1930, Dikelo- 
cephalinae, comprising 36 species of 
the genera Dikelocephalus, Briscoia, 
Osceolia, and Walcottaspis, are re- 
duced by the writer to a status of 
12 species, as indicated in the follow- 
ing presentation, in ascending bio- 
stratigraphic order: 


FRANCONIA 


Hudson member-Prosaukia curvico- 
stata faunal unit 
Briscoia schucherti U & R 


Hudson member-Briscoia sinclairensis 
faunal unit 
Briscoia sinclairensis Walcott 
Note: referred by Ulrich and Resser 
(1930—p. 59) to the “Lower Ozark- 
ian, Devils Lake Formation,” but 
actually occurring late in the Pro- 
saukia subzone of the Franconia, 
Hudson member. 

Bad Axe member-Saukiella minor 
faunal unit 
Dikelocephalus postrectus U & R 


TREMPEALEAU 
Arcadia member-—Osceolia osceola 
faunal unit 
Osceolia osceola (Hall) 
Synonyms: 0O. obsoleta U & R, 0. 
arguta U & R, O. lodensis reflexa 


U & R, O. praecipta U & R 
Dikelocephalus thwaitesi U & R 
Synonyms: D. weidmani U & R, 
D. halli U & R, D. inaequalis U & R, 
pars (pl. 19, fig. 6) 

Note: D. thwaitesi of pl. 21, figs. 
7-10 is D. oweni U & R. 


Lodi member-Saukia subrecta faunal 


unit 


Dikelocephalus (oweni var.?) bar- 
retti U&R 

Synonyms: D. brevis U & R (except 
pl. 14, fig. 2), D. edwardsi U & R, 
D. subplanus pars (pl. 14, figs. 3, 5), 
“D. ef. gracilis and retrorus” (pl. 14, 
fig. 9) 

D. norwalkensis U & R (except pl. 
21, figs. 19, 20) 


Lodi member—Saukia sublonga faunal 


unit 


Dikelocephalus oweni U & R 
Synonyms: D. gracilis U & R, D. 
ovatus U & R, D. wisconsinensis U 
& R, D. subplanus U & R, D. retror- 
sus U & R, D. beani U & R, D. 
raaschi U & R (pl. 10, fig. 1 may be 
a distinct variety), D. brevis pars 
(pl. 9, fig. 57), D. marginatus pars 
(pl. 15, figs. 6, 7), D. thwaitesi pars 
(pl. 21, figs. 7 to 10), D. norwalk- 
ensis pars (pl. 21, figs. 19, 20) 
There is some doubt as to the 
proper reference of the specimen, 
fig. 6, pl. 9, designated as D. gracilis 
by Ulrich and Resser. 
Note: There is admittedly consid- 
erable variation evident among the 
various parts of the dorsal shields 
of Dikelocephalus occurring in the 
Lodi member. Much of this seems to 
be a matter of the age or stage of 
the molt, which doubtless most of 
the specimens represent. On this 
basis the Saukia sublonga zonal 
unit material seems to group itself 
as follows: 


1. Small pustulose forms, with 
palpebral lobes close to parallel with 
longitudinal axis, and relatively pos- 
terior in position. Pygidia with five 
pairs of equal pleural ribs and long 
stender postlateral spines. 


2. Medium-sized forms, generally 
not pustulose, with palpebral lobes 
intermediate between those of 
groups 1 and 3 in orientation and 
position. Pygidia averaging four 
pairs of subequal pleural ribs, with 
more triangular spines. 
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3. Large forms with palpebral 
lobes relatively far forward and ori- 
ented to anterior convergence. Py- 
gidia averaging 3% pairs of pleural 
ribs, a'ternatingly wide and narrow; 
pygidial spines short and basally 
broad. 

The Dikelocephalus of the under- 
lying Saukia subrecta unit is not 
greatly different from the S. sub- 
longa species except that the more 
juvenile characters of slender spines 
and of pustulation seem to persist 
in individuals of medium size. 


Lodi member-Saukia lodensis faunal 
unit 
Dikelocephalus minnesotensis Owen 
Synonyms: D. hotchkissi U & R, D. 
intermedius U & R, D. granosus U 
& R, D. wiltonensis U & R, “D. cf. 
orbiculatus” U & R (pl.17, fig. 1), 
D. brevis pars (pl. 14, fig. 2). Prob- 
ably also D. orbiculatus U & R, and 
Briscoia? sp. (pl. 17, fig. 10) 
Note: As in the immediately an- 
cestral D. oweni group of forms, 
young individuals are granulose (cf. 
D. granosus.U & R, above). The D. 
minnesotensis group differs from the 
D. oweni group particularly in pos- 
sessing a more expanded frontal 
limb and a narrower and more ellip- 
tical pygidium with subequal ribs 
even in the largest specimens. 

Jordan member-—-Calvinella wisconsin- 
ensis faunal unit 
Dikelocephalus marginatus U & R 
(except pl. 15, figs. 6 and 7) 
Synonym: D. declivis U&R 

Jordan member-—-Calvinella pustulosa 
faunal unit 
Dikelocephalus marginatus U & R 
(as above) 
Dikelocephalus inaequalis U & R 
(except pl. 19, fig. 6) 
Note: D. juvenalis U & R of this 
zone is not recognized, being most 
probably the very young of the 
above. 

Jordan member—Saukiella pepinensis 
faunal unit 
Dikelocephalus marginatus U & R 

Jordan member-Walcottaspis van- 
hornei faunal unit 
Walcottaspis vanhornei (Walcott). 
Note: The true position of this spe- 
cies in the Trempealeau faunal suc- 
cession was pointed out to the writer 
by W. C. Bell and R. Berg in con- 
nection with its occurrence near 
Reno, Minnesota. 
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Dikelocephalid fragments occur- 
ring higher, in the Madison, may 
represent Walcottaspis rather than 
Dikelocephalus, but generically iden- 
tifiable material has not yet been 
obtained. 


REVISION OF THE SAUKINAE 


Simple synonymic cross references 
do not suffice, in the case of the 
Saukinae revision, to indicate pro- 
posed revised nomenclature. This is 
because many of Ulrich and Resser’s 
(1933) species not only appear to be 
synonyms, but the illustrated ma- 
terial which they figure as one spe- 
cies from one stratigraphic horizon 
commonly must be distributed 
among several species and several 
stratigraphic horizons. Accordingly, 
in many cases it has been necessary 
to make reassignments, both tax- 
onomic and stratigraphic, on the 
basis of individual plate figures. 
Stratigraphic references cited below 
are those of the writer, not of Ulrich 
and Resser. 


PLATE 24. 

Figs. 1-9. Prosaukia misa _ (Ha!l) 
=P. misa (Hall) 
Franconia formation, Prosaukia sub- 
zone, misa—longicornis zonal unit 
(misa facies). 

Figs. 10-13. Prosaukia resupinata U & 
R=P. misa (Hall) 
Same occurrence as above. 


PLATE 25 7 
Figs. 1-7. Prosaukia 
curvicostata U&R 
Figs. 8-12. Prosaukia 


alternata U &R =P. curvi- 
Figs. 13-16. Prosaukia > costata 
transversa U & R U&R 


Figs. 17-18.Prosaukia 
demissa U &R 

Fig. 19. Prosaukia 
subconicaU&R J 
Franconia formation, Prosaukia sub- 
zone, curvicostata zonal unit. 




















Fig. 20. Saukiella transita U & R= 
8S. conica U & R 
Franconia formation, Saukiella min- 
or zonal unit, Prairie du Sac, Wis. 
(Not “Gibraltar Rock, Wis.’’) 


PLATE 26. 


Fig. 1. Prosaukia concava U & R= 
P. misa U&R 
Franconia formation, Prosaukia sub- 
zone, misa—longicornis zonal unit 
(misa facies). 


Figs. 2-8. Prosaukia 


=P. curvi- 
subrecta U&R 
P costata 
Figs. 9-12. Prosaukia UéR 


subaequalis U & R 


Franconia formation. Prosaukia sub- 
zone, curvicostata zonal unit. 


Figs. 13-17. Prosaukia delecostata U 
& R=P. delecostata U & R 
Franconia formation, Prosaukia sub- 
zone, misa—longicornis zonal unit. 


PLATE 27. 


Figs. 1-2. Prosaukia longa U & R= 
P. longa U &R 
Franconia formation, Prosaukia sub- 
zone, Briscoia sinclairensis zonal 
unit. 

Figs. 3-9. Prosaukia halli U & R= 
P. halliU & R 
Franconia formation, Prosaukia sub 
zone, P. misa—longicornis zonal 
unit (P. misa facies). 

Figs. 10-11. Prosaukia brevisulcata U 
& R=P. longicornis var. brevisul- 
cata (U & R) 

Franconia formation, Prosaukia sub- 
zone, P. misa—longicornis zonal 
unit (longicornis facies) 

Figs. 12-21. Prosaukia longicornis U & 
R=P. longicornis U & R 
Occurrence same as preceding. 

Figs. 22-25. Prosaukia ampla U & R= 
P. ampla U & R 
Franconia formation, Saukiella 
minor zonal unit. 


PLATE 28 


Figs. 1-2,4. Prosaukia magnicornuta U 
& R=P. longicornis U & R 
Franconia formation, Prosaukia sub- 
zone, misa—longicornis zonal unit 
(longicornis facies) 

Fig. 3. Prosaukia magnicornuta U &R 
=P. 1. var. brevisulcata (U & R) 
Occurrence same as preceding. 

Fig. 5. Prosaukia tuberculata U & R= 

P. tuberculata U & R 
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Franconia formation, Prosaukia sub- 
zone, misa—longicornis zonal unit 
(longicornis facies). 

Figs. 6-7. Prosaukia longula U & R= 
P. tuberculata U & R 
Franconia formation, Prosaukia sub- 
zone, misa—longicornis zonal unit 
(longicornis facies). 

Fig. 8. Prosaukia valida U & R=P. 
valida U & R 
Franconia formation, Prosaukia 
zone, zonal unit undetermined. 

Fig. 9. Prosaukia lodensis U & R= 
Saukia cf. curvata U & R 
Trempealeau formation, Lodi mem- 
ber, 8. subrecta zonal unit. 

Figs. 10-11. Prosaukia sp. undet—= 
Saukia subrecta U & R 
Trempealeau formation, Lodi mem- 
ber, S. subrecta zonal unit. 

Figs. 12-17. Prosaukia incerta U & R= 
Saukiella (?) incerta (U & R) 
Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit (sand- 
stone facies). 

Fig. 18. Prosaukia granosa U & R= 
P. beaniU & R 
Franconia formation, Hudson mem- 
ber. 

Fig. 19. Prosaukia berlinensis U & R: 
validity undetermined 
Exact stratigraphic position unde- 
termined. 

Fig. 20. Prosaukia dubia U & R=P. 
beani U &R 
Franconia formation, Prosaukia sub- 
zone, misa—longicornis zonal unit 
(longicornis facies). 

Fig. 21. Prosaukia beani U & R=P. 
beani U& R 
Occurrence same as preceding. 


PLATE 29 

Figs. 1-3. Prosaukia (?) anomala U & 
R: not a Prosaukia, but belongs to 
an undescribed, non-saukid genus 
Franconia formation, Prosaukia sub- 
zone, curvicostata zonal unit. 

Figs. 4-6. Saukia obtusa U & R=S. 
acuta U & R 
Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit. 

Fig. 7. Saukia sublonga U & R=S. 
sublonga U & R 
Trempealeau formation, Lodi mem- 
ber, 8S. sublonga zonal unit. 

Fig. 8. Saukia angusta U & R=S. 
lodensis (Whitfield) 

Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit. 

Figs. 9-10. Saukia modesta U & R= 
S. lodensis (Whitfield) 
Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit. 
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Fig. 11. Saukia rudis hybrida U & R 
ef. S. acuta U& R 
Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit (sand- 
stone facies). 

Figs. 12-13. Saukia whitfieldi U & R= 
8S. lodensis (Whitfield) 
Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit. 

Fig. 14. Saukia whitfieldi U & R=S. 
acuta U& R 
Occurrence same as preceding. 

Figs. 16-17. Saukia acuta U & R=S. 
acuta U&R 
Occurrence same as preceding. 

Fig. 18. Saukia cf. whitfieldi U & R= 
S. subrecta U & R 
Trempeateau formation, Lodi mem- 
ber, S. subrecta zonal unit. 

Fig. 19. Saukia subrecta U & R=S. 
subrecta U & R 
Occurrence same as precedinz. 

Fig. 20. Saukia subrecta U & R=un- 
determined trilobite, cf. Eurekia 
Occurrence same as preceding. 


PLATE 30 


Figs. 1-2. Saukia nitida U & R=S. 
subrecta U& R 
Trempealeau formation, Lodi mem- 
ber, S. subrecta zonal unit. 

Fig. 3. Saukia ornata U & R=S. 
lodensis (Whitfield) 

Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit. 

Fig. 4. Saukia ornata U & R=unde- 
termined trilobite cf. Eurekia. 
Trempealeau formation, Lodi mem- 
ber. 

Fig. 5. Saukia curvata U & R=S. cur- 
vata U&R 
Trempealeau formation, Lodi mem- 
ber, S. subrecta zonal unit. 

Fig. 6. Saukia laevigenata U & R= 
S. lodensis (Whitfield) 
Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit. 

Fig. 7. Saukia subgrdnosa U & R=S. 
lodensis (Whitfield) 

Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit. 

Figs. 8-10. Saukia separatoidea U & R 
=8. subrecta U&R 
Trempealeau formation, Lodi mem- 
ber, S. subrecta zonal unit. 

Figs. 11-12. Saukia tumida U & R: not 
recognized; material inadequate. 
Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit (sand- 
stone facies). 

Figs. 13-16. Saukia retusa U & R=S. 
acuta U & R 
Occurrence same as preceding. 


Figs. 17-25. Saukia rudis U & R=S. 
lodensis (Whitfield) 
Occurrence same as preceding. 

Fig. 26. Saukia parva U & R=S. acuta 
U&R 
Trempealeau formation; exact zonal 
occurrence not known. 


PLATE 31. 

Figs. 1-5. Prosaukia acclivis U & R= 
P. halli var. acclivis (U & R) 
Franconia formation, Prosaukia sub- 
zone, misa—longicornis zonal unit 
(misa facies). 

Figs. 6-8. Prosaukia (7?) ambigua U & 
R=undescribed genus aff. Taenice- 
phalus 
Franconia formation, Prosaukia sub- 
zone, misa—longicornis zonal unit 
(misa facies, late stage). 

Figs. 9-10a. Saukia prima U & R= 
Prosaukia (?) dilata U&R 
Stratigraphic occurrence uncertain. 

Fig. 11. Saukia granilineata U & R: 
not recognized 
Trempealeau formation, Lodi mem- 
ber, Saukia subrecta zonal unit. 

Figs. 12-13. Prosaukia minuscula U & 
R=P. halli var. acclivis (U & R) 
Franconia formation, Prosaukia sub- 
zone, misa—longicornis zonal unit 
(misa facies, late stage). 

Figs. 14-20. Saukia separata U & R= 
S. lodensis (Whitfield) 
Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit (sand- 
stone facies). 

Figs. 21-25. Saukia imperatrixr U & R 
=8. imperatrix U & R 
Trempealeau formation, exact strati- 
graphic occurrence undetermined. 

Fig. 26. Saukia lodensis (Whitfield) : 
relation undetermined; preservation 
inadequate 
Trempealeau formation, Lodi mem- 
ber, S. sublonga zonal unit. 

Fig. 27. Saukia lodensis (Whitfield )— 
S. lodensis (Whitfield) 
Trempealeau formation, Lodi mem- 
ber, S. lodensis zonal unit. 

Figs. 28-31. Prosaukia dilata U & R= 
P. dilata U& R 
Stratigraphic occurrence uncertain. 


PLatTes 32 and 33. 


All specimens figured are conspecific 
with Saukiella pepinensis Owen and 
accordingly the following names may 
be considered synonyms: 
Saukiella typicalis 
Saukiella typicalis convera 
Saukiella typicalis subrecta 
Saukiella subgracilis 
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Saukiella subgracilis: hybrida 
Saukiella subgracilis parallela 
Saukiella ampla 
The occurrence is not from the Lodi 
shale, as the authors state, but from 
the Saukiella pepinensis zonal unit of 
the overlying Jordan member of the 
Trempealeau formation, ~ 


PLATE 34 


Saukiella pyrene (Walcott)—Sau- 
kiella pyrene (Walcott) 


Trempealeau formation, Arcadia 
member, Osceolia osceola zonal. unit. 
PLATE 35. 


Figs. 1-8. Saukiella pyrene (Walcott) 
=S. pyrene (Walcott) 
Trempealeau formation, Arcadia 
member, Osceolia osceola zonal unit. 

Fig. 9. Saukiella cf. pyrene=S. pyrene 
(Walcott) 

Trempealeau formation, Lodi mem- 
ber, sandstone facies. 

Fig. 10. Saukiella cf. pyrene=S. minor 
U&R 
Franconia formation, Bad Axe mem- 
ber, Saukiella minor zonal unit. 

Fig. 11. Saukiella cf. pyrene=S. in- 
denta U&R 
Trempealeau formation, Lodi mem- 
ber, Saukia lodensis zonal unit 
(sandstone facies). 

Figs. 12-14. Saukiella pyrene limbata 
U & R=S. indenta U&R . 
Trempea!eau formation, Lodi mem- 
ber, Saukia sublonga zonal unit 
(sandstone facies). 

Figs. 15-21. Saukiella signata U & R= 
S. pyrene (Walcott) 

Trempealeau formation, Arcadia 
member, Osceolia osceola zonal unit. 

Fig. 22. Saukiella frontalis U & R= 
Saukiella frontalis U& R 
Trempealeau formation, Jordan 
member, Norwalk sandstone, Sau- 
kiella frontalis zonal unit. 

Figs. 23-25. Saukiella indenta U & R 
=8. indenta U & R 
Trempealeau formation, Lodi mem- 
ber, Saukia sublonga zonal unit 
(sandstone facies). 

Figs. 26-30. Saukiella indenta U & R 
=Saukiella frontalis U& R 
Trempealeau formation, Jordan 
member, Norwalk sandstone, Sau- 
kiella frontalis zonal unit. 


PLATE 36. 
Figs. 1-3. Saukiella indenta U & R 
8S. indenta U &R 
Trempealeau formation, Lodi mem- 
ber, Saukia lodensis zonal unit 
(sandstone facies). 
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Fig. 4. Saukiella indenta intermedia 
U & R=S. indenta U& R 
Trempealeau formation, Lodi mem- 
ber, sandstone facies. 

Figs. 5-11. Saukiella norwalkensis U & 
R=Saukiella pyrene (Walcott) 
Trempealeau formation, Arcadia 
member, Osceolia osceola zonal unit. 

Figs. 12-14. Saukiella norwalkensis 
U & R=S. indenta U&R 
Trempealeau formation, Lodi mem- 
ber, S. sublonga zonal unit (sand- 
stone facies). 

Figs. 15-25. Saukiella norwalkensis 
U & R=S. pyrene (Walcott) 
Trempealeau formation, Arcadia 
member, Osceolia osceola zonal unit. 

Figs. 26-27. Saukiella norwalkensis 
U & R=S. indenta U &R 
Trempealeau formation, Lodi mem- 
ber, S. sublonga zonal unit (sand- 
stone facies). 

Figs. 28-30. Saukiella simplex U & R= 
8S. minor U & R 
Franconia formation, Bad Axe mem- 
ber, Saukiella minor zonal unit. 

Figs. 31-32. Saukiella (?) weidmani 
U & R=—Tellerina? leucosia (Wal- 
cott) Trempealeau formation, Ar- 


cadia member, Osceolia osceola 
zonal unit. 
PLATE 37. 


Figs. 1-5. Saukiella conica U & R= 
S. minor U & R 
Franconia formation, Bad Axe mem- 
ber, Saukiella minor zonal unit. 
Figs. 6-17. Saukiella minor U & R= 
S. minor U & R 
Same occurrence as preceding. 
Figs. 18-29. Calvinella spiniger (Hall) 
=C(. spiniger (Hall) 
Trempealeau formation, Jordan 
member, C. spiniger zonal unit. 
Figs. 30-35. Tellerina granistriata U & 
R=T. granistriata U & R 
Trempealeau formation, Lodi mem- 
ber, exact zonal position undeter- 
mined. 


PLATE 38. 


All specimens figured are conspecific 
with Calvinella spiniger (Hall), and, 
coming all from the same stratum at 
the same locality, represent the range 
of variation of a single species popula- 
tion. Accordingly, the following names, 
appearing on the explanation of plate 
38, may be considered as synonyms: 
Calvinella spiniger altimuralis 
U&R 
Calvinella spiniger communis U &R 
Calicinella spiniger communis muta- 
tion U&R 
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Calvinella spiniger postlevata U & R 
Calvinella clivula U & R 

Calvinella spiniger (Hall) ? (of 
U & R) 

Occurrence: Trempealeau forma- 
tion, Jordan member, Calvinella 
spiniger zonal unit, which the writer 
believes to lie at the base of the 
Jordan, below siltstone bearing the 
Calvinella wisconsinensis fauna. 


PLATE 39. 
Figs. 1-10. Calvinella pustulosa U & R 


=Calvinella pustulosa U & R 
Trempealeau formation, Jordan 
member, C. pustulosa zonal unit. 

Figs. 11-16. Calvinella sparsinodata 
U & R=cf. Calvinella spiniger 
(Hall) 

Trempealeau formation, Jordan 
member, C. spiniger zonal unit. 
Figs. 17-18. Calvinella pustulosa ver- 
nonensis U & R=Calvinella pustu- 

losa U& R 
Trempealeau formation, Jordan 
member, C. pustulosa zonal unit. 
Figs. 19-24. Calvinella notata U & R= 
Calvinella walcotti U & R 
Trempealeau formation, Jordan 
member, zonal unit undetermined. 
Figs. 25-30. Calvinella lata U & R= 
Calvinella walcotti U & R 
Occurrence same as preceding. 
Figs. 31-34. Calvinella walcotti nor- 
walkensis U & R=Calvinella spin- 
iger (Hall) 

Trempealeau formation, Jordan 
member, C. spiniger zonal unit. 
Figs. 35-36. Calvinella wisconsinensis 
junior U & R—Calvinella spiniger 

(Hall) 
Occurrence same as preceding. 


PLATE 40. 


Figs. 1-14. Calvinella walcotti U & R= 
C. walcotti U& R 
Trempealeau foymation, Jordan 
member, exact zonal position unde- 
termined. 

Figs. 15-22. Calvinella walcotti planu- 
lata U & R=C. walcotti U & R 
Occurrence same as above. 

Figs. 23-33. Calvinella wisconsinensis 
U & R=C. wisconsinensis U & R 
Trempealeau formation, Jordan 
member, Calvinella wisconsinensis 
zonal unit. 

Fig. 34. Calvinella walcotti ? U & R: 
ef. C. walcotti U & R 

Fig. 35. Calvinella notata ? U & R: ef. 
C. wisconsinensis U & R 

Figs. 36-39. Calvinella walcotti ? U & 
R=C. walcotti U & R 
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Trempealeau formation, Jordan 
member, exact zonal position unde- 
termined. 


PLATE 41 


Figs. 1-9. Tellerina crassimarginata 
(Whitfield) —T. crassimarginata 
(W.) 

Trempealeau formation, Lodi mem- 
ber, Saukia sublonga zonal unit. 


PLATE 42. 


Fig. 1. Tellerina  crassimarginata 
(Whitfield) 7. crassimarginata 
(W.) 

Occurrence same as above. 

Figs. 2-3. Tellerina curta U & R=T. 
crassimarginata (W.) 

Occurrence same as preceding. 

Figs. 4-5. Tellerina gothamensis U & R 
=T. gothamensis U & R 
Trempealeau formation, Lodi mem- 
ber, Saukia subrecta zonal unit. 

Fig. 6. Tellerina bigeneris U & R: ef. 
Saukia acuta U & R 
Trempealeau fromation, Lodi mem- 
ber, Saukia lodensis zonal unit. 

Fig. 7. Tellerina strigosa U & R=T. 
crassimarginata (W.) 
Trempealeau formation, Lodi mem- 
ber, Saukia sublonga zonal unit. 


PLATE 43. 


Figs. 1-5. Tellerina strigosa U & R= 
T. crassimarginata (W.) 
Occurrence same as preceding. 

Fig. 6. Tellerina lata U & R: cf. T. 
crassimarginata (W.) 

Occurrence undetermined. 

Fig. 7. Tellerina recurva U & R=T. 
crassimarginata (W.) 

Trempealeau formation, Lodi mem- 
ber, Saukia sublonga zonal unit. 


PLATE 44. 


All specimens figured are conspecific 
with Tellerina ? leucosia (Walcott), 
and the following names may be re- 
garded as synonyms: 
Tellerina leucosia (Walcott) 
Tellerina leucosia variety 
Tellerina leucosia parallela U & R 
The occurrence is not the Norwalk 
sandstone (a member of the Jordan 
formation), but the basal Trem- 
pealeau, Arcadia member. 


PLATE 45. 


Figs. 1-10. Tellerina extrema U & R= 
Tellerina ? leucosia (Walcott) 
Occurrence same as preceding plate. 

Figs. 11-13. Tellerina norwalkensis 
U & R=T. crassimarginata (W.) 
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Trempea‘eau formation, Lodi mem- 
ber, Saukia sublonga zonal unit 
(sandstone facies). 

Fig. 14. Tellerina norwalkensis U & R: 
not identifiable. 

Figs. 15-16. Tellerina norwalkensis 
U & R=T. crassimarginata (W.) 
Trempealeau formation, Lodi mem- 
ber, Saukia sublonga zonal unit 
(sandstone facies). 


STRATIGRAPHIC NOTE 
ARCADIA MEMBER 


Since the latest published account 
of Trempealeau stratigraphy 
(Raasch, 1939), an additional mem- 
ber of that formation has been dis- 
criminated. This member, for which 
the term Arcadia is proposed, lies 
beneath the basal conglomerate of 
the St. Lawrence member, and rests 
with a strong basal conglomerate 
upon the Franconian, Bad Axe 
greensands. Areally the member is 
evidently continuously extensive 
north of the Black River valley, in 
Wisconsin and Minnesota, but to 


‘the southward is only locally present 


where small remnants have escaped 
pre-St. Lawrence erosion. The mem- 
ber bears the Osceolia osceola faunal 
assemblage. 

The type locality selected is a road 
cut and small quarry on State High- 
way No. 93, 1 mile south of its june- 
tion with Highway No. 95, east of 
Arcadia, Trempealeau County, Wis- 
consin. Here the persistent green- 
sands of the Franconia, Bad Axe 
member, are unconformably over- 
lain by a spectacular 3-foot bed of 
edgewise conglomerate, flat pebbles 
of buff siltstone in a greensand 
matrix. This bed grades upward 
into 17.1 feet of somewhat lenticular 
strata of varied lithology, dominant- 
ly dolomitie siltstone and fine, green- 
ish gray to light brown, somewhat 
dolomitic sandstone. Osceolia osceola 
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Hall and Dikelocephalus thwaitesi 
U & R were collected. 

The Arcadia succession is over- 
lain by the basal St. Lawrence con- 
glomerate (with dolomitic matrix 
and Arcadia sandstone pebbles), 


succeeded by 11.2 feet of sandy dolo- 
mite. 


St. LAWRENCE MEMBER 


The fauna of the St. Lawrence 
member continues to be designated 
by the term Platycolpus, to which 
the specific term eatoni has been 
added, since the range of the genus 
greatly exceeds the span of the mem- 
ber. However, as the St. Lawrence 
member, which seldom exceeds 20 
feet in the Wisconsin-Minnesota re- 
gion, attains a thickness of more than 
100 feet in parts of northeastern 
Illinois, it may represent a complex 
of faunal units, in addition to the 
substantive one to which the term 
Platycolpus eatoni is properly ap- 
plied. 


Lopt MEMBER 


The Lodi member is characterized 
faunally by a succession of at least 
three closely related faunal units. 
Of these, the middle or Saukia sub- 
longa faunal unit yielded most of 
the classic collections from the 
‘‘Dikelocephalus beds.’’ The earlier 
Saukia subrecta faunal unit occurs 
in a lentil of limited thickness, as 
yet known only from the lower Wis- 
eonsin Valley. The Saukia lodensis 
faunal unit occurs in siltstone in the 
upper part of the Lodi member, 
largely in Sauk, Columbia, and Dane 
counties in southern Wisconsin, but 
also in similar lithology at Still- 
water, Minnesota. In the interven- 
ing area (in a direct line), the Lodi 
member passes wholly to sandstone, 
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Chart No. 1—ZoNnAL Succession oF DIKELOCEPHALID SPECIES 








SAUKIA ZONE 


Zonal Unit 


Dikelocephalidae 





14. “Madison Fauna” 


unconformity 


undescribed T'ellerina, 


base of Madison formation 





Associated Genera 





Plethometopus, Entomaspis, 
Calvinella, Dikelocephalus(?) \Stenopilus, Plethopeltis 





13. “Van Oser Fauna” 


Saukiella, Tellerina 


undescribed Saukia, Stenopilus, 
Euptychaspis 





12. Saukiella frontalis 


Saukiella frontalis U.& R 





11. Walcottaspis vanhornei 


cott) 


Walcottaspis vanhornei (Wal- |Stenopilus 





10. Saukiella pepinensis 


Dikelocephalus marginatus 
U&R 


Saukiella pepinensis (Owen) |Plethometopus 





9. Calvinella pustulosa 


Calvinella pustulosa U & R 
Dikelocephalus I 


Eurekia, Corbinia, 
Triarthropis, Entomaspis 
R |Stenopilus, ‘“‘Agnostus dis- 





Dikelocephalus manyene parilis” Hall 
U 
unconformity 
8. Calvinella wisconsi- |Calvinella wisconsinensis Eurekia, Corbinia 
nensis U&R 


Dikelocephalus marginatus 
U& 


Tellerina sp. nov. 
Prosaukia sp. nov. 





7. Calvinella spiniger' 
unconformity 


ng np — (Hall) 
base of Jordan member 


Eurekia, Corbinia 





6. Saukia lodensis? 


Saukia lodensis (Whitfield) 
Saukia acuta U & R 
Tellerina crassimarginata 
(Whitfield) 
Saukiella ? indenta U & R 
Saukiella 2? incerta U & R 
Dikelocephalus minnesotensis 


Illaenurus, Eurekia, 
Corbinia, Plethometopus, 
Triarthropsis, Entomaspis, 
Euptychaspis, Acheilops, 
“‘Agnostus disparilis”’ 





5. Saukia sublonga 


Saukia sublonga U & R 

Saukiella indenta U & R 
Tellerina crassimarginata 
(Whitfield) 
Dikelocephalus oweni U & R 


Illaenurus, 


Acheilops, 
Euptychaspis, 

“Agnostus disparilis” Hall, 
Plethometopus, Corbinia, 
Entomaspis, Eurekia, 
Triarthropsis, Stenopilus 





4. Saukia subrecta U & R\Saukia subrecta U & R 


base of Lodi member 


Saukia curvata U & R 
Tellerina gothamensis U & R 
Dikelocephalus oweni var. 
barretti (U & R) 


Tllaenurus 





3. Platycolpus eatoni 
(Whitfield) 


unconformity 





undescribed Tellerina, 
Dikelocephalus 


base of St. Lawrence member 


Plethometo 
Corbinia, 














Illaenurus, Eurekia, 


, Stenopilus, 
latycopus 
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)sceolia osceola (Hall) 


2. Osceolia osceola 

Saukiella pyrene (Walcott) 

Tellerina ? leucosia (Walcott) 
base of Arcadia member, 


unconformity Trempealeau formation 


Illaenurus, Eurekia, 


Dikelocephalus thwaitest U & R\Corbinia, Triarthropsis, 


Euptychaspis 





. Saukiella minor U & R'Saukiella minor U & R 
Prosaukia ampla U & R 


SAUKIA ZONE 


Dikelocephalus sp. nov. 
Briscoia sp. nov. 
Calvinella sp. nov. 

base of Bad Axe member, 


Dikelocephalus postrectus U&R 





Illaenurus, Monocheilus 














Prosaukia near longa U & R 


unconformity? Franconia formation 

4. Briscoia sinclairensis |Briscoia sinclairensis \Platycol pus 
Prosaukia longa U & R 

3. Briscoia (unnamed) |Briscoia sp. nov. ‘Plat, ycolpus, 


l Monochetlu us 





2. Prosaukia curvicostata'Prosaukia curvicostata U & R 
Briscoia schucherti U & R 





1. Prosaukia longicornis |Prosaukia misa (Hall)* 
Prosaukia halli U & R 


Prosaukia delecostata U & R‘ 
Prosaukia longicornis U & R 
Prosaukia |. brevisulcata* 


PROSAUKIA SUBZONE 


Briscoia sp. nov.‘ 


Dartonaspis* 
Chariocephalus* 


Prosaukia halli acclivis U & R*\Idahoia 


Ellipsocephaloides* 
Ptychaspis® 
Wilbernia’ 


Prosaukia tuberculata U & R‘ |Litagnostus® 





Ptychaspis subzone Wilbernia, ancestral to 
Dikelocephalus 
Ptychaspis, ancestral to 
Prosaukia 
base of Hudson member, 


local unconformity Franconia formation 











|Monocheilus, Psalaspis, 
\Idahoia, E Uli psocephaloides, 
Litagnostus, Pseudagnostus 














a 7 Stratigraphic position not conclusively established. 
2A central and southern Wisconsin facies. 

* Greensand facies; P. misa faunal facies. 

* Non-greensand facies ; P. longicornis faunal facies. 
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in which somewhat different faunal 
facies of both the Saukia sublonga 
and Saukia lodensis faunal units 
have tentatively been identified. 


JORDAN MEMBER 


In western Wisconsin, conglome- 
ratic and dolomitie strata marking 
the base of the Jordan member over- 
lie the Lodi siltstone. The limited 
thickness of basal Jordan strata, in- 
cluding intercalated dolomitic 
shales, contains a closely packed suc- 
cession of faunal units, each char- 
acterized by a distinet species of 
Calvinella. Thus there appears to 
have prevailed here, as in the case 
of the lithologically rather similar 
St. Lawrence member, a condition 
where factors favoring deposition 
were closely balanced by those favor- 
ing limited submarine erosion 
and/or nondeposition. Faunal units 
thus tend to be closely packed ver- 
tically and in lenses in areal dis- 
tribution. 


Along the Mississippi, the basal 
Jordan Calvinella beds are succeed- 
ed by siltstone strata similar litho- 
logically to those of the Lodi mem- 
ber. These strata enclose fossils 
belonging to the Saukiella pepin- 
ensis faunal unit, ang where the beds 
attain their greatest thickness, in 
Dakota County, Minnesota, the suc- 
ceeding Walcottaspis vanhornei 
fauna as well. The siltstone grades 
eastward into unfossiliferous sand- 
stone. The main body of the Jordan 
member above and lateral to the 
siltstones and conglomeratic dolo- 
mites just described consists of fine, 
friable, more or less dolomitie sand- 
stones which Ulrich (1924) em- 
braced in his term Norwalk. The 
higher Norwalk beds are sparingly 


fossiliferous and best characterized 
by Saukiella frontalis U & R. 


The Jordan member was deeply 
eroded previous to the deposition of 
the Madison formation in central 
and southern Wisconsin; but along 
the Mississippi and in the lower 
Minnesota Valley the member is 
essentially its original thickness, 
with terminal sands (‘‘Van Oser 
Beds,’’ Stauffer, 1940) interpreted 
as a regressive phase of Jordan 
deposition (Raasch, 1939). Stauffer 
(1940) figures, but does not de- 
seribe, a fauna from these beds. 


Sunset Potnt FORMATION 


At most places, south of a line 
through central Trempealeau 
County, an independent depositional 
eycle, dominantly sand with varied 
proportions of dolomite, intervenes 
between the Jordan member of the 
Trempealeau and the Ordovician 
Oneota formation. To this unit, the 
term Madison has been applied (ref. 
Raasch, 1935). Because pre-Madi- 
son erosion deeply truncated the 
Jordan member in central and 
southern Wisconsin, the Madison 
merits the status of an independent 
formation. However, the applica- 
tion of the term Madison to these 
strata has created much confusion, 
owing especially to the widespread 
use of the same name for a Missis- 
sippian limestone unit in Montana 
and Wyoming. The writer therefore 
proposes that, for the Cambrian 
unit, the term Sunset Point be sub- 
stituted, after the bluff of that name 
at the Madison sandstone type lo- 
cality. 

The unit is locally fossiliferous, 
but the fauna has not been speciti- 
eally described. 
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THE SAUKIA ZONE 


Because many trilobite genera 
range through much of the Trem- 
pealeau and in fact back into the 
Bad Axe member of the Franconia 
and into the Madison (or Sunset 
Point) formation, this inclusive sue- 
cession of faunal units is considered 
to represent a single faunal zone. 
The saukid genera, Saukia, Sauki- 
ella, Tellerina, and Calvinella, i.e. 
Saukia in the sense of Waleott’s 
(1914) use of the term, together 
characterize this succession, but the 
later subdivision and restriction of 
the term Saukia by Ulrich and Res- 
ser leaves no single genus whose 
range coincides completely with the 
full time and rock span. Accordingly 
the writer proposes to -apply the 
term Saukia to the succession in- 
volved, using that term in the broad- 
er sense of Walcott. Thus the bio- 
chron of the Saukinae coincides with 


» the time span of the Saukia zone, 


except for the genus Prosaukia, 
which is ancestral to the other mem- 
bers of the subfamily and charac- 
terizes the Prosaukia subzone of 
the preceding Ptychaspis-Prosaukia 
zone. 
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LEWIS EVANS’ CONTRIBUTIONS TO EARLY 
AMERICAN GEOLOGY—1743-1755 


GEORGE W. WHITE 
University of Illinois, Urbana 


Lewis Evans’ important work in 
cartography of the American colo- 
nies is now recognized, but his very 
considerable contributions to early 
American geology are almost un- 
known. His observations and theo- 
ries formed the basis for much better 
known work of later writers, such 
as Volney (1804), Mitchill (1818), 
and others. The subject of this paper 
is Evans’ geological contributions, 
which have not been noticed by his- 
torians of geology, except for the 
quotation of his physiographic de- 
scriptions of the eastern colonies by 
Mather and Mason (1939, pp. 
55-59). 

Stevens’ (1905, 1920, 1924) mono- 
graphic studies of Evans’ maps 
have made known his importance to 
colonial cartography, and recently 
the details of his life have been 
given by Wroth (1934, pp. 48-56; 
148-66) and by Gipson (1939). The 
biographical data in this paper are 
summarized from Gipson. 

Lewis Evans was born in 1700 at 
Llangwnadl, near Pwllheli, Car- 
narvonshire, Wales. He is known to 
have been in Pennsylvania as early 
as 1736. He was a surveyor, drafts- 
man, and map maker. His earliest 
known map, a manuscript map of a 
small part of Pennsylvania (The 
Walking Purchase), is signed and 
dated 1738. He was well known to 
Benjamin Franklin, often purchased 
books from him, and may have on 


occasion worked for him as drafts- 
man. 

Evans travelled widely and ob- 
served acutely. In 1743 he made a 
trip from Philadelphia to Onandoga 
and Lake Ontario in the company of 
John Bartram, botanist and natural 
historian, and Conrad Weiser, in- 
terpreter and ambassador to the 
Indians (Bartram, 1751). He ecare- 
fully recorded his observations in 
a journal which was not published 
until 1776—and then only in part— 
by Thomas Pownall. 

From the journal of 1743 we note 


. . ¢ 
Evans’ certainty that fossil shells 
are remains of marine organisms,’ © 


his recognition of the exhumation of 
the present Appalachian ridges from 
a former plain (peneplain!), the 
erosion of valleys to leave mountains, 
the linear character of the Appala- 
chian ridges, the Coastal Plain, the 
former greater extent of the Great 
Lakes, and isostatic uplift conse- 
quent on unloading the earth’s 
crust by partial draining of the lakes 
(White, 1951). The salient obser- 
vations are (Pownall, 1776, pp. 29, 
30; unchanged in Mulkearn, 1949, 
pp. 112-116) : 

The Stones in all Parts of these Moun- 
tains are full of Sea Shells: It is not in 


the loose Stones scattered through the 
Vales that these Shells abound only, but 


'This is all the more noteworthy when we re- 
member that less than 40 years earlier Edward 
Lhwyd of Oxford, author of the first book on fossils 
published in England, after 20 years studying and 
collecting, could not bring himself to believe them 
to be organic remains (Gunther, 1945). 
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they are found at the Tops of the Moun- 
tains also . . . there could be no Doubt 
but that the Shells were genuine, and 
where the Shells were actually of the 
same Sort as those which I had observed 
in the Mountains, convinced me that 
those Shells of the Mountains were real, 
and had been mixed with and finally in- 
crusted in the Stones where they were 
found . 

Various Systems and Theories of the 
present Earth have been devised in order 
to account for this Phaenominon. One 
System supposes that the Whole of: this 
Continent, the highest Mountains them- 
selves, as they now appear, were form- 
erly but one large Plain, inclining with 
a considerable Slant towards the Sea; 
that this has been worn into its present 
Appearance of Ridges, with Vales be- 
tween them, by the Rains of the Heavens 
and Waters of the Earth washing away 
the Soil from the upper Parts, and carry- 
ing it down to Seawards. That the Soil 
thus carried down and lodged in various 
Places hath in a Series of Ages formed 
the lower Plains of the Jerseys, Penn- 
sylvania, Maryland, Virginia, and the 
Carolinas . . . The Downfall of Waters 
from the melting of the Snow, the Rains, 
and the swollen Springs is such amongst 
the Mountains, and the Discharge from 
thence so great, that the Freshes on the 
Susquehanna River, where it is a Mile 


» broad, rise 20 Feet, though they are 


discharged with a violent and precipitate 
Current. These Freshes carry down 
with them immense Quantities of Soil 
which they begin to drop as the Velocity 
of their Course slackens in gliding over 
the lower Plains, and which they finally 
lodge in Bars and Islands at the Mouths 
of the Rivers where they meet the Sea. 
Thus have been many very extensive 
Countries formed at the Mouths of all 
the great Rivers in the World, and thus 
at the several Mouths of the many great 
Rivers ranging so near one another 
along this Coast may that long continued 
Range of flat country, which is herein 
before called the Lower Plains, be 
formed ... 


But we must have recourse to some 
other Explanation in order to account 
for the Situation of the Shells on the 
Tops of the Mountains. 

It is easy to shew the Earth and Sea 
may assume one another’s Places, but 
positively to assert how that hath actu- 
ally happened in Times past, is haz- 
ardous; we know what an immense 
Body of Water is contained in the great 
Lakes at the Top of the Country, and that 
this is damm’d,and held up by Ridges 


of Rocks: Let us suppose these Ridges 
broken down by any natural Accident, 
or that in a long Course of Ages a Pas- 
sage may be worn through them, the 
Space occupied by the Water would be 
drained: This Part of America, dis- 
burthened of such a Load of Waters, 
would of course rise, as the immediate 
Effect of the shifting of the Center of 
Gravity in the Globe at once or by De- 
grees, much or little, accordingly as the 
Operation of such Event had Effect on 
that Center. ... 

Some such Changes may have come 
gradually and advanced by such slow 
Degrees, as that in a Period of a few 
Ages would not be perceptible; History 
therefore could take no Notice of them. 


Evans’ maps (1749, 1752) of 
Pennsylvania and adjacent states 
are now vary rare, but facsimiles 
are included in Gipson (1939). In 
these maps Evans filled in blank 
spaces with notes on weather, roads, 
streams, and geology. His ‘‘Re- 
marks on the Endless { Appalachian | 
Mountains, etec.’’? follow: 


These Mountains are about 900 Miles 
in Length and back of Pensilvania from 
70 to 100 Miles right Across; scarce an 
Acre of 10 of which is capable of Culture. 
They are not confusedly scatter’d, and 
here and there in lofty Peaks over top- 
ping one another but stretch in long uni- 
form Ridges, scarce half a Mile Per- 
pendicular in any Piace I saw them. 
They furnish endless Funds for Systems 
and Theories of the World; but the most 
obvious to me was, That this Earth was 
made of the Ruins of another; at the 
Creation Bones and Shells which escaped 
the Fate of softer animal Substances are 
find mixt with the old Materials and 
elegantly preserved in the loose Stones 
and rocky Bases of the highest of these 
Hills. These Mountains existed in their 
present elevated Heights before the De- 
luge, but not so bare of Soil as now. 
The further ridges which are much the 
‘argest and highest, proceeding from the 
Inclination of the whole towards the 
Sea, are of very rich Land, even on the 
Tops; while the very Vallies, on the 
hither Side, seem swept of all the Soil. 


2 His statement that “this Earth was made of the 
Ruins of another” contains the germ of Hutton- 
ianism—-‘‘For having, in the natural history of thi< 
earth, seen a succession of worlds . . . .” 
(Hutton, 1798, p. 304). It would be inte.e ting 
to know if Hutton ever saw Evans’ maps or 
“Analysis.” 
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Their Height rendered them no doubt 
less exposed to that general Devastation, 
and preserv’d them unhurt, while the 
Soil and the loose Parts of the lower 
Hills and Vallies, agitated by a greater 
Weight of Water, were borne away, sus- 
pended in the dashing Waves, and 
thrown downwards in Stratas of differ- 
ent Kinds, as the Billows roll’d from 
different Parts; still obvious in our 
lower Lands Northward and Westward 
of the Raritan and Delaware. But in N. 
Jersey on the other Side of these Rivers, 
the Land is made by an Accumulation of 
Sand from the Ocean: Digging there ab. 
18 foot thro white worn Sand, you come 
to a Stratum, of Sea Mud mixt with 
Shells and other Drift Trash; and in 
some Places vast Beds of Shells of all 
Sorts, in Pairs, entire 30 Miles from the 
Sea. Dr. Woodward from infinite ex- 
amples discover’d, that the World had 
been in a State of Dissolution. But the 
Power he ascribes to the Water of the 
Deluge is too much of a Miracle to ob- 
tain Belief. We have glaring Marks of 
a Deluge of far more recent Date, in 
which the Compass of Britain might not 
perhaps have furnished the Dr. with. 


In 1755 Evans published his 
‘‘Map of the Middle British Colo- 
nies.’” It was reprinted with and 
without acknowledgment for the suc- 
ceeding 50 years (Stevens, 1904, 
1920, 1924). It was used by both 
sides in the Revolutionary War. The 
map was so full of geographic data 
that, except for spot indication of 
‘*Coals’’ and ‘‘Freestone,’’ all geo- 
logic notes were presented in a sepa- 
rate booklet of 36 pages, ‘‘ An Analy- 
sis of a General Map of the Middle 
British Colonies ... ,’’ which could 
be purchased with the map. The 
Map and ‘‘Analysis’’ are biblio- 
graphic treasures. Fortunately, fac- 
similes of the map and the ‘‘ Analy- 
sis’’ are now available (Gipson, 
1939). In the preface Evans regrets 
not being able to include on the 
map profiles and geologic sections, 
stating : 

But Want of Room in the Plate, has 
obliged me to leave out, what would have 


very much assisted my Exp!‘anation of 
the Face of the Country, I mean a Sec- 
tion of it in several Directions; such 
would have exhibited the Rising and 
Falling of the Ground, and how elevated 
above the Surface of the Sea; what 
Parts are level, what rugged; where the 
Mountains rise and how far they spread. 
Nor is this all that a perpendicular Sec- 
tion might be made to represent; for, 
as on the upper Side, the Elevations, De- 
pressions, outer Appearances and Names 
of Places may be laid down; on the 
lower, the Nature of the Soil, Substrata 
and particular Fossils may be exprest. 
It was with Regret I was obliged to omit 
it. But in some future Maps of Separate 
Colonies, I hope to be furnished with 
more Room. 


We share Evans’ regret for the 
omission. It was not until more than 
50 years later that Maclure (1817) 
presented geologic sections, which do 
not show all the features Evans 
proposed to include had there not 
been ‘‘ Want of Room in the Plate.’’ 
Neither these sections, nor ‘‘Maps 
of the Separate Colonies,’’ were pub- 
lished, for Evans died under tragic 
circumstances the following year. It 
is likely that at least working draw- 
ings of sections were made by Evans. 
The best chance for their preserva- 
tion would have been by Sir Thomas 
Pownall, who had the Evans’ diary 
(or a copy?) and took it to England. 
The reader can carry as far as he 
likes any further conjecture on the 
possible existence of the sections. 


In the ‘‘ Analysis’’ is a clear state- 
ment of the physiographic and geo- 
logic provinces of the eastern United 
States. It is the first attempt at de- 
lineating physiographic provinces of 
the country and is valid today. The 
description of New England (p. 6) 
is brief, but west of the Hudson 
Evans was on surer ground. He de- 
seribes what we now call the Coastal 
Plain, the Fall Line, the Piedmont 
Plateau, the Blue Ridge, the Folded 
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Appalachians, the Allegheny Front, 
and the Allegheny Plateau (pp. 6-9) 
(the modern terms are inserted in 
brackets) : 

The Land, South Westward of Hud- 


son’s River, is more regularly divided, 
and into a greater Number of Stages 


than the other. The first Object worthy 
Regard, in this Part, is a Rief or Vein 
of Rocks, of the Talky or Isinglassy 
Kind, some two or three, or Half a 
Dozen Miles broad; rising generally 
some small Matter higher than the ad- 
joining Land; and extending from New- 
York City South Westerly by the Lower 
Falls of De'!aware, Schuylkill, Susque- 
hanna, Gun-Powder, Patapsco, Potomack, 
Rapahannock, James River and Ronoak. 
This was the antient maritime Bound- 
ary of America, and forms a very reg- 
ular Curve. The Land between this Rief 
and the Sea, and from the Navesink 
Hills South Westward as far as this Map 
extends, and probably to the Extremity 
of Georgia, may be denominated the 
Lower Plains [Coastal Plain], and con- 
sists of Soil washt down from above, and 
Sand accumulated from the Ocean. .. . 


From this Rief of Rocks, over which 
all the Rivers fall [Fall Line], to that 
Chain of broken Hills, called the South 
Mountain, there is the Distance of 50, 
60 or 70 Miles of very uneven Ground, 
rising sensibly as you advance further 
inland; and may be denominated the 
Upland [Piedmont]. This consists of 
Veins of different Kinds of Soil and 
Substrata, some Scores of Miles in 
Length; and in some Places overlaid 
with little Ridges and Chains of Hills. 
The Declivity of the whole gives great 
Rapidity to the Streams; and our violent 
Gusts of Rain have washt it all into 
Gullies, and carried down the Soil to 
enrich the Borders of the Rivers in the 
Lower Plains. These Inequalities render 
half the Country not easily capable of 
Culture; and impoverishes it, where 
torne up withsethe Plough, by daily wash- 
ing away the richer Mould that covers 
the Surface. 

The South Mountain is not in Ridges 
like the Endless Mountains, but in small, 
broken, steep, stony Hills; nor does it 
run with so much Regularity. In some 
Places it gradually degenerates to Noth- 
ing, not to appear again for some Miles, 
and in others spreads several Miles in 
Breadth. Between the South Mountain 
and the hither Chain of the Endless 
Mountains, (often for Distinction czlled 
the North Mountain, and in some Places 
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the Kittatinni, and Pequilin,) there is 
a Valley of pretty even, good Land, some 
8, 10 or 20 Miles wide, and is the most 
considerable Quantity of valuable Land 
that the English are possest of; and 
runs through New-Jersey, Pensilvania, 
Mariland and Virginia. It has yet ob- 
tained no general Name, but may prop- 
erly enough be called Piemont, from it 
Situation. Besides Conveniencies always 
attending good Land, this Valley is 
every where enriched with Limestone. 


The Endless Mountains [Folded Ap- 
palachians], so called from a Transla- 
tion of the Indian Name, bearing the 
Signification, come next in Order. They 
are not confusedly scattered, and in 
lofty Peaks overtopping one another, 
but stretch in long uniform Ridges, 
scarce Half a Mile perpendicular in 
any Place above the intermediate Val- 
lies. Their Name is expressive of their 
Extent, though no Doubt, not in a literal 
Sense. ... 


There are several Chains of the End- 
less Mountains which have not come to 
my Knowledge, and had they been so, 
might have filled several Places which 
lie vacant in the Map. But so far as we 
are acquainted with them, we observe 
that each Chain consists of a particular 
Kind of Stone, and each different from 
the rest; and these Differences continue 
for their whole Extent, as far as I can 
learn. 


To the North Westward of the Endless 
Mountains is a Country of vast Extent, 
and in a Manner as high as the Moun- 
tains themselves. To look at the abrupt 
Termination of it, near the Sea Level, 
as is Case on the West Side of Hudson’s 
River, below Albany, it looks as a vast 
high Mountain; for the Kaats Kills, 
though of more lofty Stature than any 
other Mountains in these Parts of 
America, are but the Continuation of 
the Plains on the Top; and the Cliffs of 
them, in the Front they present towards 
Kinderhook. These UPPER PLAINS 
[Appalachian Plateau] are of extraor- 
dinary rich level Land, and extend from 
the Mohocks River, through the Country 
of the Confederates. Their Termination 
Northward is at a little Distance from 
Lake Ontario; but what it is Westward 
is not known, for those most extensive 
Plains of Ohio are Part of them; which 
continue to widen as they extend further 
Westward, even far beyond the Missis- 
sippi; and its Boundary Southward is a 
little Chain of broken Hills, about 10 or 
15 Miles South of the Ohio River. ’Tis 


an odd Phaenomenon to observe how 
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near the Tide comes up Hudson’s River 
to the Heads of Delaware and Susque- 
hanna; when these two Rivers are 
obliged to go so far to meet it in their 
own Channels. The Reason is Delaware 
and Susquehanna have their Heads in 
the Plains, and Hudson’s River the Tide 
at the Foot of them. 


Evans’ description of the rivers, 
lakes, and portages is in sufficient 
detail to be useful as a guide to 
navigation (pp. 16-31). He de- 
scribed at length the Indian tribes 
and the territory they occupied (pp. 
14-16). He was alarmed over the 
encroachment of the French in the 
Ohio Valley and insisted on the 
necessity of English colonization of 
that region and of proper treatment 
of Indian allies (p. 16). 


In some conservative quarters his 
views were regarded as ‘‘expansion- 
ist’? and ‘‘war-mongering,’’ which 
might lead to war with the French. 
Arguments with the opposition, 
whom he regarded not only as mis- 
guided but even as traitorous to the 
Colonial interest (pp. 31-32), led to 
his disfavor in certain quarters. Ef- 
forts were made to silence him (Gip- 
son, pp. 75-78) and for a time he 
was imprisoned. After his release 
from jail he died on June 11, 1756, 
‘‘after a lingering Indisposition’’ 
(Gipson, p. 77). The ‘‘Analysis’’ 
closes with a statement of the re- 
sources of the Ohio country (p. 32), 
which he believes through lack of 
knowledge and governmental inertia 
(he suggests—and not too delicately 
—even stupidity) may be allowed 
to fall to the French : 

Ohio is naturally furnished with Salt, 
Coal, Limestone, Grindstone, Millstone, 
Clay for Glass-houses and Pottery, which 
are of vast Advantage to an Inland 


Country, and well deserving the Notice 
I take of them in the Map. 


Evans deserves an important place 
in the history of American geology 
because of his maps with their geo- 
logical notes; his ‘‘ Analysis’’ with 
geological descriptions ; and his jour- 
nal, with theories on Great Lakes 
drainage, isostasy, and stream ori- 
gin. He is perhaps equally impor- 
tant because he furnished geological 
information in other ways to his con- 
temporaries. He and John Bartram 
had travelled together to Lake On- 
tario in 1743 and must have then 
and often later discussed geology. 
A comparison of the extracts from 
Evans’ journal with Bartram’s pub- 
lished journal (1751) shows that 
geologically Evans was the more 
penetrating and that Bartram was 
the more naive. It seems to me, on 
the basis of comparison of the jour- 
nals, that Bartram gained more from 
Evans than he contributed to him. 
(Study of Bartram’s work in ge- 
ology is now in progress and my 
opinion may be changed by fuller 
investigation. ) 

An example of the information 
Evans had, but did not formally 
publish, is contained in an extensive 
manuscript account of Pennsylvania 
drawn in answer to some ‘‘Queries 
proposed by a Gentleman in Europe 
to his friend in Philadelphia’’ (Gip- 
son, 1939, pp. 87-137). He described 
natural resources, the animals and 
plants, and tells of iron, copper, lead, 
mineral water, marble, millstones, 
amethyst, clays, and other mineral 
resources (Gipson, pp. 104-108). 

Evans was certainly familiar with 
at least some foreign geologic litera- 
ture for he refers to Woodward 
(1695) and discussed Burnet (1684) 
with Bartram (1751). A further 
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interesting study will be to deter- 
mine what other scientific literature 
of the day was known to him. 


Evans supplied topographical and 
geological information to Peter 
Kalm, the Swedish scientific visitor 
(Kalm, 1937, pp. 61, 106, 351), and 
much of the geological information 
given Kalm by John Bartram 
(Kalm, 1937, pp. 36, 64, 65, 71-73, 
173) may have come originally from 
Evans, or at any rate certainly must 
have often been discussed by Evans 
and Bartram. Kalm’s ‘‘Travels’’ 
was first published in Swedish in 
1753 and went through many edi- 
tions in several European languages. 
His work had great influence for 
several decades and is often quoted 
by travellers such as Schoepf (1787; 
1911, vol. 1, p. 300). 


We ean trace Evans’ geologic con- 
tributions for 60 years after his 
death. Kalm widely disseminated 
them. Books of travels display 
knowledge of them, as for example 
that of Smyth (1784). The idea of 
deposition of sedimentary rock and 
fossils in inland bodies of water, 
often attributed to Volney (1804) 
and to Mitchill (1818), who de- 
veloped the concept in great detail, 
appears to trace back to Evans. 


It is unfortunate that Evans did 
not live to publish the planned maps 
of separate colonies with geologic 
eross sections. If he had done so his 
just place in the history of American 
geology would have been earlier ree- 
ognized. His belief in a deluge as 
an explanation of certain geologic 
features is not to his discredit—this 
explanation was accepted almost into 
the middle of the 19th century for 
more phenomena than even Evans 
explained by it. His observations 
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were acute and his explanations 
were, in part, in advance of their 
day. His theories were presented as 
such and were not insisted upon, 
except as observation supported 
them. His ideas were based on field 
observations. These are astonishing- 
ly correct and his theories no worse, 
and often better, than those of many 
who came long after him. 
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PSYCHOLOGY AND EDUCATION 
SAVING THE YOUTH OF OUR NATION 


DOROTHY A. BUTTS 
East High School, Rockford 


All science teachers are conserva- 
tion-minded, and for years we have 
been concentrating our efforts upon 
conserving our nation’s natural re- 
sources for the oncoming genera- 
tions. Today we are thinking of 
another phase in this field, namely, 
the conservation of our most impor- 
tant resource, our boys and girls, 
who are the citizens of tomorrow. 
This has been brought about by re- 
cent trends in modern education 
which have stimulated us to analyze 
our teaching to determine whether 
we are meeting the needs of the 


‘youth of today. 


It is important for our youths to 
learn how to live safely and how to 
care for their bodies in order that 
each one may live a healthy, normal 
life. A group of teachers and ad- 
ministrators met in a workshop at 
Southern Illinois University from 
July 10 through July 21, 1951, to 
ascertain what some of the health 
and safety problems are and what 
could be done about them. This 
workshop originated under the aus- 
pices of the Kellogg Foundation and 
was sponsored by the Office of the 
Public Health Instruction, Spring- 
field, Illinois, and the Department 
of Education and Health Education, 
Southern Illinois University, with 
Dr. Woodson Fishback as director 
and Miss Francis Phillips, the co- 
ordinator. I shall first give you some 


of the conclusions drawn at this 
workshop and follow with some of 
the ideas which I have formulated 
from my experiences as a science 
teacher. 

The first need of primary impor- 
tance is that our young people learn 
how to live safely in this ‘‘Age of 
Aceidents,’’ for ‘‘aecidents is the 
number one agent in causing death 
in our young people between the 
ages of one and thirty.’’* There- 
fore, we must have better and more 
effective safety and health instrue- 
tion in all our schools today. This 
goal has been reached in some com- 
munities; a survey made in twelve 
states disclosed the fact that there 
were half as many accidents in com- 
munities where safety instruction 
had been given. Furthermore, these 
accidents were less serious and re- 
sulted in fewer fatalities. 

The same is true in regard to 
health. Heart disease should not 
rank first in causes of death of our 
citizens. If our health instruction 
had been more meaningful in the 
past, many of these deaths could 
have been avoided. The question is: 
What can we do about this situation 
as science teachers? Science in this 
‘‘Atomie Age’’ is full to overflow- 
ing with factual material which must 
be taught as background, but there 
is not enough time for the teacher 


~ 1 Meredith, Florence L., Hygiene, 1946. 
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of science to cover it all. That is one 
of our many problems today. Would 
it be possible for us to examine our 
courses of study to see what work 
does not meet the needs of our youth 
or is not meaningful? Of what good 
is knowledge if the individuals are 
unhealthy or crippled to the extent 
that they cannot live useful lives 
simply because they have not been 
taught how to live safely? This is 
a challenge for all teachers. Can we 
prune our courses of study, as we 
would a tree, and remove some of 
the useless dead timber? 


Some of the ideas which grew out 
of the workshop might help science 
teachers. First, there is a real op- 
portunity for the cafeteria managers 
to work with the science instructors 
in developing correct eating habits 
in young people. Such instruction 
would have more meaning to stu- 
dents and might solve several of the 
common eating problems which are 
so often displayed in the school cafe- 
terias. Students generally prefer ‘‘a 
hamburger and hot-dog diet’’ with 
cokes rather than a_ well-balanced 
meal which ineludes vegetables, 
salad, and milk. If pupils were 
taught that a menu rich in vitamins 
and minerals would help them build 
stronger bodies, mahy of them might 
be encouraged to make a better se- 
lection of foods. 


In the past, the instruction on 
foods and eating habits has been 
presented, too often, as isolated facts 
in a textbook rather than a means of 
developing the proper attitudes to- 
ward eating. If the instruction were 
made more meaningful to the stu- 
dents, better results could be 
achieved. This work could be even 
more effective if experiments with 


guinea pigs or hamsters were car- 
ried on in the school laboratories so 
that the students could see the effect 
of proper diet. Growth, condition 
of eyes and hair, as well as the in- 
creased vitality, of the animals fed 
a vitamin-rich diet could be com- 
pared with those of the animals 
which were fed unbalanced meals 
with a low vitamin content. In 
order to achieve the best results, the 
cafeteria manager must watch to see 
what foods the students avoid and 
report immediately to the science 
instructors. Cooperation between 
these two groups in the school can 
be of tremendous importance in help- 
ing our citizens of tomorrow become 
strong, able-bodied Americans. In 
this time of national crisis it is im- 
perative that we do all in our power 
to help our young people become 
physically strong as a means of na- 
tional defense. 


Another phase of health instrue- 
tion is to help each student see why 
health examinations are important 
to his physical well-being, how and 
why he should take proper care of 
his eyes, the importance of good 
dental care, why we have immuniza- 
tion programs in the school and peri- 
odic X-ray examinations. When the 
child sees the reason for these prac- 
tices and realizes that it is for his 
own personal welfare, he will be 
more willing to cooperate with the 
health program. 


Each student, through under- 
standing, will gain insight into the 
importance of health. It is wise to 
instill a sense of personal responsi- 
bility for the health of the commu- 
nity as a whole. Each student would 
then be more willing to cooperate 
in an immunization program as a 
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means of protecting himself and his 
associates. He would feel responsi- 
ble for working to make his com- 
munity a safe place in which to live 
a happy, healthy life. 

In connection with the unit on 
eyes in our science courses, the in- 
structors could work in cooperation 
with either the school or public 
health nurse in screening the vision 
of students. This would have a per- 
sonal appeal to the young people 
and the work would be more mean- 
ingful. Students would learn to ap- 
preciate their eyes and would aec- 
quire better habits in the proper 
care of their eyes. 


Miss Mary Askew, of the Illinois 
Society for the Prevention of Blind- 
ness, explained the Massachusetts 
Vision Test and the School Vision 
Screening Program in Illinois, which 
is being used in several of our school 
systems. Teachers can be trained 
by the school or public health nurse 
in the community to apply the test. 
If a teacher tests her own pupils, 
they will react more normally, and 
the routine of the school will be dis- 
turbed less. Children wearing 
glasses are not tested; the object of 
the Conservation of Vision Program 
is to discover vision difficulties. 

Mental hygiene is a new addition 
in the biology courses in our schools 
today. The increased number of de- 
linqueney, divoree, insanity, and 
crime cases in our country today has 
shown us the need for mental health. 
By knowing themselves better, stu- 
dents discover the strong and weak 
points in their personalities and are 
thus able to eliminate the undesira- 
ble qualities while they are yet 
young. Thus, they are better fitted 
to get along in life. They learn to 


face facts without fear, to make de- 
cisions, and to accept responsibili- 
ties. Such experience is valuable in 
that it develops self-confidence and 
stability. 

There are sO many pressures in 
life today which cannot be removed 
that we must develop in each child 
the ability to face them. The people 
who become delinquent or go insane 
are those who are striving to escape 
these pressures in society because 
they have not been taught how to 
meet them. The child who has been 
taught to face issues and make his 
own decisions is better prepared to 
resist these pressures without ill 
effects. 


Miss Virginia Mason, Supervisor 
of Human Relations classes for the 
State of Delaware, presented her 
methods of achieving. these results. 
A demonstration by Miss Mason at 
the workshop with a group of stu- 
dents from _a Carbondale school 
portrayed a classroom situation 
where good human relations were 
taught. Miss Mason strives to create 
a healthy emotional atmosphere in 
the classroom so that each student 
feels that he is an important part 
of the group and that he is responsi- 
ble for himself and for others around 
him. She accomplishes this by hav- 
ing students feel that they are loved 
and are free to participate. This 
satisfies three natural drives, name- 
ly, (1) the drive for safety; (2) the 
drive for recognition; (3) the drive 
for adventure. Life then becomes a 
challenge as well as an adventure 
and he learns how to meet real life 
situations without becoming frus- 
trated. Each child then brings his 
own personal problems to light and 
each one finds a solution. 
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The members of the workshop 
were indebted to the two consultants, 
Dr. H. F. Kilander, Specialist in 
Health Education, U. S. Office of 
Education, Washington, D. C., and 
Dr. W. W. Patty, School of Health, 
Physical Education and Safety, Uni- 
versity of Indiana, who were most 
helpful in presenting new methods 
of instruction in health and safety. 

From my experiences as a science 
teacher, I have concluded that safety 
education should be taught as a unit 
in our ninth grade general science 
classes. It would be wise to have it 
at this level as the greatest drop-out 
is at the end of the freshman year. 
We must reach all our young people 
if we want to reduce accidents both 
for the present as well as the future. 
Also, this is the age group having 
the greatest number of accidents. 
Since many people die from shock 
rather than from the actual injuries 
received, some simple first-aid meas- 
ures should be taught in connection 
with this unit, such as treatment for 
shock, how to stop a hemorrhage, 
how to secure help, how to treat 
wounds to prevent infection, how to 
treat sprains and poisoning, and how 
to administer artificial respiration. 

The aims of safety education 
should be to teach each student : 

1. How to protect himself 

2. How to prevent others from be- 
ing injured 

3. To know what to do when hurt 

4. To develop a sense of loyalty in 
helping his school and commu- 
nity to be a safe place in which to 
live 

5. Emotional health, to avoid acci- 
dents 

6. How to prevent the spread of 
disease as a safety measure 


The safety course should be di- 
vided into the following categories: 
1. School safety—laboratory safety 
2. Recreational safety, including 

that on the beach, in pools, and 
woods-science (ivy poisoning) 
3. Highway safety 
4. Home safety—machinery 
5. Occupation safety 


Each student should receive in 
this science course sufficient knowl- 
edge of anatomy and physiology in 
order to be able to determine the 
nature of the injury, discern certain 
functional disorders, and learn the 
proper treatment for an injured 
person. In this age of accidents, the 
need for first aid is increasing. A 
course taught by a competent in- 
structor will be very valuable in that 
students will learn how to avoid acci- 
dents, what to do in case an accident 
does oeeur, and how to prevent in- 
jury being added to injury. 4 


It would be wise for the science’ 


teacher to consult teachers in other 
departments to be certain that there 
is no repetition, as this would dull 
the students’ interest. A group of 
students from the science class might 
work as a committee with the student 
council establishing safety measures 
in and around school. 


I think it would be advisable to 
have the Red Cross First Aid course 
in the senior year, as a requirement 
for graduation. Since this course is 
concerned both with prevention of 
accidents and with treatment of in- 
juries, we could certainly protect 
our citizens in the future if every 
high school student received training 
in this subject area. 


Also, I would recommend having 
every teacher take first-aid training 
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as a requirement for certification 
In all schools, accidents oceur in 
which teachers could be very help- 
ful if they were trained in safety 
and first aid. Since we are responsi- 
ble for the most precious thing in 
life, the lives of children, we should 
be prepared to know what to do in 
any emergency. 

Science teachers can do much for 


the welfare of the country by train- 
ing young Americans, developing in 
them correct health and safety at- 
titudes and habits. ‘‘ As the twig is 
bent, so the tree inclines.’’ And just 
as young twigs are snapped from 
trees by storms before they reach 
maturity, so many young lives are 
snuffed out or permanently handi- 
capped by accidents or illness. 
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SOME EVALUATION TECHNIQUES IN 
TENTH-GRADE BIOLOGY 


H. W. CRALL 
Western Illinois State College, Macomb 


Evaluation techniques for a 10th 
grade biology class at Western IIli- 
nois State College Laboratory 
School, 1949-1950, ineluded : 

1. Questionnaires concerning inter- 
ests and backgrounds. 
Interest and aptitude tests. 


bo 


3. ‘‘Opinionnaires’’ and tests to 
measure progress. 

4. Interview forms. 

5. Forms for parents. 

6. Forms for other teachers. 

7. Behavior checking forms. 

8. Guide sheets. 

9. Anecdotal records. 


The questionnaire was modelled 
after one found in Methods and Ma- 
terials for Teaching Biological Sci- 
ences, by Miller and Blaydes, 1938. 

The aptitude test used was the 
California Mental Maturity Test. 

The interest test was ‘‘The Occu- 
pational Inventory’’ of Lee and 
Thorpe, 1946. 

The ‘‘opinionnajres’’ were mod- 
elled after those constructed by 
Everote in his Ph.D. dissertation, 
‘‘Agriculturdl Science to Serve 
Youth,’’ Columbia University, 1943. 
They were constructed with the co- 
operation of seven methods students 
and five practice teachers of biology 
at Western Illinois State College. 
Some degree of reliability was given 
these instruments by having them 
scored by advanced biology students. 
From an analysis of these results 
the ‘‘correct’’ answers and the 


‘*best’’ reasons for them were set 
up. The opinionnaires consisted of 
questions which were to be answered 
**ves,’’ ‘‘no,’’ and ‘‘undecided.’’ A 
reason for each choice was asked for. 
One opinionnaire of 30 questions 
was constructed to measure tolerance 
and ‘‘open-mindedness.’’ An exam- 
ple of a question from this test is: 

Do you agree that Indians and 
Orientals should have equal citizen- 
ship rights with others in this 
country ? 

The other opinionnaire of 28 ques- 
tions was devised to measure sensi- 
tivity to the social implications of 
science. An example of a question*® 
from this test is: 

Because of their potentialities for 
world wide destruction, do you 
think the production of atomic 
bombs should be internationally con- 
trolled ? 

Tests to measure the ability of 
students to make choices and deci- 
sions were constructed by these same 
advanced biology students. Some 
degree of reliability was given this 
test by having these students score 
it. An example of a problem from 
it is: 

Tell, in a few sentences, how you 
would study the life history of the 
housefly in a biological laboratory, 
and indicate what equipment and 
materials you would use. 

In making a test to measure labo- 
ratory skills and techniques the same 
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group of students cooperated, and 
a degree of reliability was given to 
the test in a manner similar to that 
used with the other tests. An exam- 
ple of a problem from it is: 
Study a prepared slide under high 
power and under low power, and 
make sketches of what you see. 
Tests to measure abilities to in- 
terpret data logically, and to dis- 
tinguish facts from assumptions in 
making conclusions, were construct- 
ed by this same group of students 
based on tests described in ‘‘Science 
in General Edueation,’’ by the Com- 
mission on Secondary School Cur- 
riculum, Committee on the Function 
of Seience in General Education, 
Progressive Education Association, 
1938, and in the bulletins used in 
‘Evaluation in the Eight Year 
Study,’’ P.E.A., 1936-1938. Some of 
the test questions were taken intact 
from these sources. Others were 


modelled after questions found 


therein. A degree of reliability was 
given these tests in the same manner 
it was given the others. 

A test of ability to apply bio- 
logical principles was constructed 
by the same group of students by 
following the models set up by 
Raths, Frutchey, Tyler, and Zechiel 
in their bulletins of ‘‘Evaluation in 
the Eight Year Study,’’ P.E.A., 
1936-1938. Reliability of a degree 
was again established by similar 
methods. 

A test over knowledge of bio- 
logical factual information was con- 
structed by these advanced students 
and a degree of reliability was es- 
tablished by them. 

This same group of students co- 
operated in constructing interview 
forms, form letters for parents, 
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forms for other teachers, guide 

sheets, and so-called ‘‘instructional”’ 

tests designed to measure progress 
of students toward the various ob- 
jectives at one time. Reliability of 

a degree was given interview forms 

by having two interviewers record 

an interview simultaneously on sepa- 
rate forms. 

A behavior check form was con- 
structed with their cooperation mod- 
eled after, but not identical to, 
forms devised by West, Wright- 
stone, Goodenough, and Olson in 
various publications, including a 
doctoral dissertation, 1934 to 1943. 
Degrees of validity and reliability 
were given this instrument by de- 
termining sample consistencies of 
agreement between the behavior 
checkers, in the consistencies of five- 
day samples of frequency of obser- 
vation, and the determination during 
the first week of school of the types 
of behavior to be observed as being 
‘*positive’’ with respect to the differ- 
ent abilities to be learned. 

Anecdotal record taking was mod- 
eled after Frutchey and Tyler, ‘‘ Ex- 
aminations in Natural Sciences,’’ 
The Construction and Use of 
Achievement Examinations, 1936. 
To insure some degree of reliability, 
two observers made an anecdotal 
record of a student simultaneously 
whenever possible. 

These instruments were used as 
follows : 

1. Pre and final questionnaires, in- 
terest and aptitude tests were 
given. 

2. Special pre and final opinion- 
naires and tests were given to 
measure progress for the year. 
These included the two types 
of opinionnaires, nature-of-proof 








or 
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tests, interpretation-of-data tests, 
application-of-principles tests, 
and factual information tests. 
Each student was interviewed 
about twice every six weeks. 
Other opinionnaires and _ tests 
were given bi-weekly. These were 
the so-called ‘‘instructional’’ 
tests. 

Every six weeks parents were in- 
formed of student progress, and 
the parents were asked to evalu- 
ate progress each quarter. 
Other teachers having these same 
students evaluated student prog- 
ress every six weeks. 

Each student’s classroom behav- 
ior was checked about twice a 
week, using the behavior check 
form. 


Guide sheets accompanied class 


1. 
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sheets 
were designed to facilitate 
growth toward the objectives. 


experiences, and these 


Anecdotal records were made 
about twice a quarter for each 
student. 

Results at the end of the year: 
A direct relationship existed be- 
tween reading ability, LQ. 
growth in subject-matter inter- 
est, and in subject-matter learn- 
ing. 

Behavior checking was the most 
reliable index of progress, and 
anecdotal records were least re- 
liable. 

Results of different evaluation 
techniques were related, were a 
composite reliable index of stu- 
dent progress, and were utilized 
in grading students for achieve- 
ment. 
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SOCIAL SCIENCE 


ORGANIZED LABOR AND MANPOWER CONTROLS 
DURING WORLD WAR II 


MILTON EDELMAN 
Southern Illinois University, Carbondale 


The development of manpower 
policy during World War II was in- 
fluenced to a great extent by the 
participation of management, labor, 
and agricultural groups in its form- 
ation. It is the purpose of this paper 
to show the form of that participa- 
tion and how manpower policy was 
shaped by it. Special attention is 
given to the role of organized labor. 

Just as with our present (1951) 
mobilization program, organized la- 
bor insisted throughout the war that 
it be given a voice in policy forma- 
tion. It was particularly interested 
in representation on the War Pro- 
duction Board, the Office of Price 
Administration, the War Manpower 
Commission, and the National War 
Labor Board. In one of these—the 
National War Labor Board—organ- 
ized labor was granted participation 
on the Board itself. On the War 
Production Board and in the Office 
of Price Administration, labor repre- 
sentatives served as advisers or were 
asked to deal with problems on the 
periphery of the main task of the 
agency. In the War Manpower Com- 
mission, organized labor served on an 
advisory committee which did in- 
fluence major policy decisions. 

The United States entered the 
period of defense production prior to 
the war with a reservoir of unem- 
ployed—a legacy of the depression 
decade of the 1930’s. By December 


7, 1941, inereases in civilian em- 
ployment and the expansion of the 
armed forces had greatly lowered the 
number of unemployed, but about 
4 million workers were still without 
jobs. Serious local shortages of 
skilled, semi-skilled, and unskilled 
workers existed. These shortages 
were, of course, concentrated in 
areas where war production was 
heavy. At the same time regions 
such as New York City had labor 
surpluses. 

During the fall of 1941 defense 
officials were more concerned with 
material shortages than with the la- 
bor-supply problem. Although the 
shortages of skilled workers were 
sometimes serious, the overall labor- 
supply picture was more favorable 
than the materials-supply picture. 

The Bureau of Labor Statistics 
estimated that the war production 
program called for by the President 
in January 1942 would require 10 
million more workers in war indus- 
tries. Counting the needs of the 
armed forces, BLS put the figure 
for the total required labor force at 
60 million. There were at that time 
55 million men and women at work, 
unemployed, or in the armed forces. 

Analysis of labor supply figures in 
major labor market areas showed 
that a general labor shortage never 
developed during the war. The ab- 
sence of such a shortage is important 
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in understanding why the essentially labor or industrial management in 


voluntary methods of recruiting la- 
bor worked as well as they did. If 
the war had continued another year 
it is likely that manpower controls 
would have undergone a significant 
change. 

Before the establishment of the 
War Manpower Commission the re- 
sponsibility for the recruitment of 
manpower was divided among sev- 
eral government agencies. The Office 
of Production Management had the 
responsibility for supplying man- 
power for war production, but did 
not have control of the United States 
Employment Service and Selective 
Service. The OPM was the principal] 
operating agency in the recruitment 
of industrial workers, while the Se- 
lective Service System recruited men 
for the armed forces without much 
regard for manpower needs in in- 
dustry. Deferment policy was too 
often determined by local boards 
under compulsion to fill quotas. The 
Army and Navy Departments en- 
couraged voluntary enlistments, 
which took key production workers 
away from their civilian jobs when 
they might have been more useful 
there than in military service. 

The War Manpower Commission 
was created by presidential order in 
April 1942 to develop uniform man- 
power policies.’ Not until December 
1942 was it given control over the 
United States Employment Service 
and the Selective Service System 
and did it sueceed in having volun- 
tary enlistments terminated. This 
was largely due to the work of labor 
and management representatives in 
the agency. 

Although no provision was made 
for the participation of organized 


1 Executive Order No. 9139, April 18, 1942. 


the work of the Commission, the 
Chairman, Paul V:. MeNutt, estab- 
lished a Management-Labor Policy 
Committee to advise him on man- 
power policy. Later this group was 
formally incorporated into the Man- 
power Commission structure. As 
originally constituted, only organ- 
ized labor and industrial manage- 
ment were represented, but by 
Mareh 1943 agricultural labor and 
management and railway labor and 
management were given places on 
the Committee. At the same time, 
the Chairman of the War Manpower 
Commission was instructed by the 
President to consult with the Com- 
mittee before taking action on policy 
questions.” 

The strengthened position of the 
Management-Labor Poliey Commit- 
tee—its name was not changed when 


representatives of agriculture were , 


included—resulted in large measure 


from the dynamic character and ag- * 


gressive action of the Committee 
itself. From the outset it took an 
active interest in a wide variety of 
policy and operational questions. It 
made itself the most important 
policy-making body within the struc- 
ture of the War Manpower Commis- 
sion—surpassing even the Commis- 
sion itself. In fact, after June 30, 
1943 the Commission changed its 
meeting schedule from weekly to bi- 
weekly because the Policy Committee 
and the Commission staff had taken 
over so many of the policy making 
functions the Commission had once 
performed.* 

~ 2 Executive Order No. 9279, December 5, 1942. 


8 Ellen Parks, Management-Labor Policy Com- 
mittee of the War Manp C ission: A Case 





Study of Organized Group Participation in Admin- 
istration, U. S. Bureau of the Budget, War Records 
Section, (Unpublished manuscript in the Library 
of the Bureau of the Budget, Washington, D. C., 
no date, p. 18.) 
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The Policy Committee was able to 
take the lead in policy formation be- 
cause it was far better suited for the 
job than the Manpower Commission. 
The Commission was composed of 
representatives of a number of agen- 
cies that were rivals in manpower 
recruitment. It was hard for them 
to agree on policy. The Policy Com- 
mittee, on the other hand, was com- 
posed of men who had cooperated 
in several defense and war agencies. 
They understood each other and 
worked together smoothly. The Com- 
mittee developed a corporate spirit. 
But most important, the manage- 
ment and labor members agreed that 
workers should not be forced into 
jobs—they were opposed to any form 
of national service legislation. They 
also agreed that local problems 
should be solved locally with the na- 
tional committee determining broad 
guiding policies. 

The three economic groups repre- 


sented on the Committee—manage- 


ment, labor, and agriculture — 
agreed in their opposition to govern- 
ment control of the labor market. 
Their reasons for opposition were 
different, but the result was a 
smoothly operating committee. Man- 
agement representatives feared that 
government regulation of the labor 
supply would take away from man- 
agement some of its traditional con- 
trols over hiring and the conduct of 
its business, while the labor groups 
wanted no government action that 
might deprive them of the gains they 
had made during the previous ten 
years. 

The national Management-Labor 
Policy Committee considered broad 
policy questions, but left their ap- 
plication with regard to local econ- 


ditions to regional, state, and area 
committees. It insisted that all ques- 
tions of importance to local labor 
and management groups should be 
channeled through these committees. 
Both labor and management repre- 
sentatives were of the opinion that 
local union representatives and local 
plant managers could handle such 
problems more efficiently than the 
Committee in Washington. 

In the early days of its existence, 
the agenda of Committee meetings 
contained many items suggested by 
Committee members. As time went 
on, much of the spadework of policy 
formation was done by the War 
Manpower Commission staff. The 
Committee reviewed and modified 
staff proposals. It always insisted 
that it be allowed to consider major 
policies before they were adopted. 

The importance of the Committee 
lay not only in its policy formation 
function, but in its help in translat- 
ing adopted policies into action and 
in reviewing the impact of policies 
and programs on the economy. The 
members of the Committee were 
chosen as representatives of groups 
rather than as individuals so that 
they would work for the cooperation 
of management, labor, and agricul- 
ture in the execution of manpower 
policies. The labor members received 
constant reports on the operation of 
the manpower program through lo- 
eal and international unions, the 
American Federation of Labor and 
the Congress of Industrial Organiza- 
tions. By virtue of their position as 
official spokesmen for labor they 
were able to enlist the cooperation 
of these organizations in the execu- 
tion of the policies they helped 
formulate. 
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The impact of the Management- 
Labor Policy Committee can best be 
seen by tracing the development of 
several policy questions. 

The most important problem fac- 
ing the War Manpower Commission 
and the Policy Committee involved 
national service legislation. The 
Committee opposed the passage of 
any law that would assign workers 
to jobs without their consent. 
Throughout the war it believed that 
enough workers would come forth 
where needed if management, labor, 
and agriculture voluntarily entered 
into agreements on control proce- 
dures. 


In August 1942 the President 
asked the Chairman of the War Man- 
power Commission to undertake a 
study of possible forms of a national 
service act. A small staff group was 
put to work without notification to 
Committee members. When they 
heard about it through press reports 
they demanded that the Committee 
be given an opportunity to consider 
the matter.* The Chairman had al- 
ready stated publicly that he be- 
lieved national service legislation in 
some form would eventually be nec- 
essary, but after meeting with the 
Committee he agreed to tell Congress 
that the voluntary system was work- 
ing better than most people hoped it 
would and should be given the fair- 
est trial possible.® 

While opposing national service 
legislation, the Committee urged 
that the War Manpower Commission 
be strengthened so that it could do 
the job without legislation. It asked 


*Summary Minutes of Management-Labor Policy 
Committee of the War Manpower Commission, Na- 
tional Archives, Washington, D. C. Meeting of 
Auzust 7, 1942. 

5 MLPC Minutes, April 2, 1943. 


that the Selective Service system be 
controlled by the Commission, that 
voluntary enlistments cease, that the 
War Manpower Commission be al- 
lowed to coordinate training pro- 
grams in nonmilitary institutions, 
and that a strong operating organi- 
zation be established within the War 
Manpower Commission. Practically 
all of these suggestions were incor- 
porated in the President’s order of 
December 5, 1942.° At the same time 
the Committee informed the Chair- 
man and the President that its mem- 
bers did not believe that the moral 
obligation to serve, which already 
existed, would be made more effec- 
tive by transferring it into a legal 
obligation. 

The committee was unanimous 
in its opposition to national service 
legislation. Gradually its viewpoint 
permeated the War Manpower Com- 
mission organization. 
President requested a national serv- 
ice law in his State of the Union 
message in January 1944, the Chair- 
man supported him; but no repre- 
sentative of the War Manpower 
Commission testified in favor of the 
bills introduced to carry out the 
President’s proposals. Aided by the 
continuing availability of workers in 
adequate quantities, the Committee 
continued to fight compulsory legis- 
lation until the issue died with vic- 
tory in Europe. 

The heart of the manpower mobili- 
zation program was the employment 
stabilization plan. The Committee 
insisted that all plans provide for 
voluntary methods and the handling 
of local problems locally. The labor 
members were particularly con- 
cerned that minimum standards of 


* Executive Order No, 9279, December 5, 1942. 
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hours and working conditions be 
written into any plan adopted and 
that an appeals procedure be a part 
of each plan. 

In June 1942 the Committee 
adopted a plan aimed at preventing 
labor pirating. This practice oc- 
curred where shortages of skilled 
labor existed. Employers would bid 
workers away from each other with 
no regard for the needs of war pro- 
duction. The directive issued as a 
result of the Committee’s plan in- 
structed regional and area War 
Manpower Commission representa- 
tives to work out plans with labor 
and management representatives for 
more effective recruitment and utili- 
zation of workers. When such a plan 
was in operation or being developed, 
the area was to be designated critical 
by the Chairman and thereafter all 
hiring was to be done through the 
United States Employment Service. 
Provision was made for appeals to 


‘the Area Management-Labor Com- 


mittees, and from them to the region- 
al and national committees. This 
was a point labor insisted upon. 

In December 1942 the President 
ordered the Chairman of the War 
Manpower Commission to see that 
all hiring of critical labor be done 
through the United States Employ- 
ment Service or other channels ap- 
proved by the Chairman, and that 
no employer retain a worker whose 
services could be more effectively 
used in some other establishment.’ 
This directive became the guiding 
policy for the commission for the 
duration of its life. 

Discussion of methods to put the 
presidential order into effect occu- 
pied the committee for several weeks. 


a Executive cane No. 9279, December 5, 1942, 
Section 5. 





The labor members succeeded in hav- 
ing included in the plans the state- 
ment that labor organizations were 
approved hiring channels along with 
private employers, professional or- 
ganizations, schools and universities. 
Organized labor was recognized as 
the proper representative of workers 
in the development of local stabiliza- 
tion plans. All members of the Com- 
mittee insisted that plans be de- 
veloped locally in consultation with 
representatives of management, la- 
bor, and agriculture. On the insist- 
ence of the labor members of the 
Committee it was agreed that no 
plan would be put into effect until 
appeals machinery was ready to 
operate.* The representatives of 
railway labor and railway manage- 
ment succeeded in having the Rail- 
road Retirement Board designated 
as one of the approved hiring agen- 
cies. The Committee agreed that the 
Chairman should instruct the Re- 
gional and Area Manpower Diree- 
tors not to apply the plans to rail- 
way labor until instructed to do so.° 

Labor members objected strenu- 
ously to the exclusion of agricultural 
labor from the operation of stabili- 
zation plans. They argued that all 
workers should be treated equally. 
A final revision of the plan provided 
that movement of agricultural work- 
ers to non-agricultural employment 
be covered but not other movements, 
unless agriculture was represented 
on the Area Management-Labor Pol- 
icy Committee.’® 

A new basis for manpower control 
was provided by the President’s 
**hold-the-line’’ order of April 8, 
1943. The Chairman of the War 

*MLPC Minutes, December 30, 1942, January 8, 
1943, January 9, 1943, and January 29, 1943. 


* MLPC Minutes, January 9, 1943. 
1% MLPO Minutes, January 29, 1943. 
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Manpower Commission was told to 
prevent transfers of workers to jobs 
at higher rates of pay unless such 
transfers would aid the effective 
prosecution of the war."' 


The Chairman issued the directive 
without consulting the Policy Com- 
mittee. This was one of the few oc- 
easions when the Policy Committee 
was not consulted before the issuance 
of a major policy order. The labor 
members of the Committee made it 
clear that they did not approve of 
this ‘‘freeze’’ of workers and that 
had they been given the opportunity 
would have demanded major 
changes. 

Following this action the Com- 
mittee adopted a set of standards to 
be included in all stabilization plans. 
Management and labor members 
agreed that the plans should be de- 
veloped locally to meet local needs, 
but that they should inelude guaran- 
tees against loss of seniority rights, 
arbitrary discharge, and undue loss 
of working time. Each group wanted 
local determination because it feared 
that the plans might interfere with 
its position in the plant. Manage- 
ment wanted control over hiring and 
production to remain in its hands as 
much as possible, while labor wanted 
to safeguard union gains in working 
conditions, hours, dismissal pay, and 
seniority. 

By the end of 1943 the positions 
of the parties became clearer. The 
government agencies concerned with 
production established Production 
Urgency Committees and Manpower 
Priority Committees in tight labor 
markets. Their job was to determine 
the urgency of all work in the area 
so as to guide the United States Em- 


4 Executive Order No. 9328, April 8, 1943. 


ployment Service in sending workers 
to the most important jobs. The 
military procurement agencies domi- 
nated the committees. Labor and 
management feared they would lose 
control of their own operations so 
they asked that the function of de- 
termining priorities be transferred 
to regional and Area Management- 
Labor Policy Committees. They were 
not successful in areas where man- 
power was extremely short. 


Labor tried to have priorities 
taken away from employers found 
to be violating federal or state labor 
relations laws, or paying wages be- 
low the legal minimum. Manage- 
ment fought this demand success- 
fully with the argument that the en- 
forcement of labor laws was not the 
job of the War Manpower Commis- 
s§10n. 


The employment stabilization 
plans and national service legislation 
were the most important subjects 
discussed by the Management-Labor 
Policy Committee; therefore a re- 
view of the positions of the parties 
is in order. 

Labor and management alike were 
opposed to the encroachment of gov- 
ernment into their economic lives— 
especially when the aim of govern- 
ment was to tell them the conditions 
under which they must work. They 
joined in demanding that manpower 
regulation be self-imposed after de- 
liberation by the affected groups. 
They were fully aware that an all- 
out war effort must include the in- 
tegration of manpower controls with 
controls over other resources, but 
wanted the form of control to be de- 
termined by the parties. 


The representatives of organized 
labor were concerned with working 
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standards in the discussion of all 
issues before the Committee. Before 
workers were forced to work for an 
employer, they felt that the employer 
should adhere to minimum stand- 
ards. They wanted a guaranteed 
weekly wage to protect employees 
who couldn’t quit because they were 
in essential war work. 

Labor was more aggressive than 
management in defending what it 
considered its rights. This undoubt- 
edly was because free collective bar- 
gaining and the strike had been 
given up, so that labor felt that its 
position must be maintained by other 
means. Labor also believed that it 
was still an underdog in American 
economie life; that unions could not 
afford to be complacent. 

Although labor and management 
were able to compromise on a num- 
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ber of controversial issues, they did 
not compromise on matters each con- 
sidered basic to its existence. The 
question of a guaranteed weekly 
wage was never settled because man- 
agement considered it a fundamental 
issue. Labor would not yield on 
minimum standards, so management 
agreed to their inclusion in employ- 
ment stabilization plans. 

Where differences appeared with- 
in the Committee they were more 
often between agriculture and labor 
than between management and labor. 

The Policy Committee operated 
by a process similar to collective bar- 
gaining. Agreement was reached 
after discussion and compromise. If 
manpower problems could be so han- 
dled when the nation was at war, 
today’s partial mobilization should 
not require more stringent methods. 
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TOWARD A MORE RESPONSIBLE TWO-PARTY SYSTEM 


LEO C. STINE 
Millikin University, Decatur 


The American people are today 
faced with one of the most acute 
crises in their history. Our ability 
to measure up to the situation in 
which we find ourselves is being 
severely tested. The end of this tre- 
mendous struggle is nowhere in 
sight. Many of us can remember the 
slogan so often repeated in the 
thirties, ‘‘Prosperity is just around 
the corner.’’ The implication was 
that we were dealing with a situation 
that could be overcome by our ow, 
efforts and before any inetd 
length of time had elapsed. 

Although many would doubt the 
wisdom of much that was done to 
overcome that crisis, the second great 
world war, almost within the same 
generation, did a great deal to allevi- 
ate the depressed condition of our in- 
dustry and agriculture and to put 
American workers back at their jobs. 
But the war created an even greater 
crisis, a more difficult situation, than 
the depression. Now we are faced 
with the alternative of either a third 
world war, far more ‘destructive and 
more horrible than all the wars of 
the past taken together, or a gener- 
ation of uneasy peace, of huge arma- 
ment programs, of millions of Ameri- 
ean workers in some branch of the 
armed services, and of unprece- 
dented demands upon our govern- 
ment with the resultant extensive 
controls and huge expenditures. 

The purpose of this discussion is 
to examine only one of the funda- 
mental institutions with which we 


are trying to meet today’s conditions 
and to make some suggestions as to 
how that institution can be im- 
proved. I shall refer frequently to 
the report of the Committee on 
Political Parties of the American 
Political Science Association, which 
was published by that organization 
this past year and which bears the 
same title as the present paper. That 
report deserves careful study. It was 
prepared by some of the leading 
scholars in the United States in the 
field of political parties. The chair- 
man of the committee was E. E. 
Schattschneider of Wesleyan Uni- 
versity, the author of another highly 
valuable and important work on the 
subject of responsible party govern- 
ment which bears the title Party 
Government and was published in 
1942. Although this work was pre- 
ceeded by the efforts of such great 
men as Woodrow Wilson and Henry 
Jones Ford, it may well have served 
as a starting point for the present 
efforts in this field. Other members 
of the committee of the Association 
included Professors Berdahl of the 
University of Illinois, Barclay of 
Stanford, Fainsod of Harvard, 
Shannon of the University of Ken- 
tucky, and a number of other equally 
competent scholars. 

The Committee seems to have 


predicated its report on the supposed 
fact that most Americans accept the 
fundamental place of political par- 
ties in our democracy. This hardly 
seems to me to be the case. Rather it 
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seems that most people take the con- 
trary position that political parties 
at best are only a necessary evil, that 
they perform few services in our 
demoeracy which could not be bet- 
ter performed without them, and 
that efforts directed at making them 
more responsible will only serve to 
increase the evil rather than accom- 
plish anything good. 


It seems sufficient here to say that, 
in spite of their failings, there is no 
other institution in our democratic 
system which can perform the func- 
tions now undertaken by political 
parties. The real misunderstanding 
seems to arise out of the fact that al- 
though most people recognize the 
work of political parties in the elec- 
tive process, few people take notice 
of their efforts or of their function 
in the legislative or the administra- 
tive processes. Ample proof of this 
can clearly be seen in the functioning 


_of the parties themselves, and in the 


fact that few treatments of political 
parties contain even a single chapter 
on parties in the legislative process. 
Many people look with scorn if not 
real alarm on any efforts by the 
party to claim (for party platform 
and party promises) the support of 
a party member in Congress or in the 
state legislature. 


The public seems not only to hold 
a high regard for the independent 
voter but to hold in even higher 
esteem the member of Congress who 
can thus appeal to those in his con- 
stituency on any sort of program 
which might be expected to appeal 
to their local interests regardless of 
the effect that such a program might 
have on the interest of the nation or 
on the state as a whole. To put it 
bluntly: many people will argue 


that the only real function which the 
political party can and should per- 
form is to help get men elected to 
office. 


ADVANTAGES 


What are the advantages which 
might accrue to us in the solution of 
our present serious problems if our 
parties were to be made responsible 
institutions which function not only 
in the selection of government offi- 
cials but also in the passing of legis- 
lation and in the admipistration of 
law? 

(1) Such a responsible two-party 
system could enable us to develop a 
national solution for national prob- 
lems with the resultant subordina- 
tion of local, sectional, and group 
interests to national interests when 
such subordination was desirable. 

(2) It would develop policies 
more representative of the will of 
the majority of the American people. 
If such policies were developed by 
responsible parties the people could 
pass on the coalitions thus formed 
at the time of the election with rea- 
sonable assurance that the party for 
which they voted would be willing 
to back its campaign promises with 
legislative and administrative action 
if it won majority support. 

(3) Responsible two-party gov- 
ernment could do much to help pre- 
vent present-day log-rolling and 
pork-barrel tactics with their result- 
ant extravagance and waste of public 
funds. 

(4) Party responsibility could 
help to provide relief for an already 
over-worked President. 

This final point needs further 
clarification. Throughout the last 
two decades at least, and in times of 
crises prior to that, it has always 
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been thought necessary to turn over 
much of government to the execu- 
tive. Congress often proved too un- 
wieldy when the situation called for 
immediate and effective action. Such 
failure has led many people to fear 
not only greater centralization of 
government in one man but to fear 
also the actual breakdown of demo- 
cratic government should the situa- 
tion become acute. 


The American Presidency is truly 
a man-killing position. The Commit- 
tee of the American Political Science 
Association pointed this fact out 
clearly in their report. Their deserip- 
tion of the problem follows in their 
own words: 


The President has been charged with 
the preparation of the annual budget— 
the work plan of the Federal Govern- 
ment that goes to Congress for review 
and final determination. He has also 
been charged with the presentation of 
the government’s economic program, 
submitted to Congress in the periodic 
economic reports of the President. He 
cannot relinquish the burden of estab- 
lishing the general lines of American 
foreign policy. He has been charged 
with the development of coordinated 
policies to safeguard the country’s na- 
tional security. 

In each of these large areas, the 
President is called upon to prepare the 
ground, to initiate the process of pro- 
gram formulation, to come forth with 
proposed programs for which he is 
prepared to assume political responsi- 
bility. As a result, Congress has the 
benefit of prior effort and concrete rec- 
ommendations. This division of func- 
tions reflects a sound formula, evolved 
in practical experience. But to apply 
it effectively, somewhere dependable 
political support has to be built up for 
the governmental program as finally 
adopted. When there is no other place 
to get that done, when the political 
parties fail to do it, it is tempting once 
more to turn to the President. 

But the President has no magic 
wand. If he acts in pursuit of a broad 
program that has been democratically 
formulated in his party, nearly all of 
his party is likely to put itself behind 
the measures called for by the pro- 


gram. Lacking his party’s support for 
a broad program, the President is left 
with only one course. He can attempt 
to fill the void caused by the absence 
of an effective party program by work- 
ing up a broad political program of his 
own. 

Yet can there be much doubt about 
the ultimate implications? When the 
President’s program actually is the 
sole program in this sense, either his 
party becomes a flock of sheep or the 
party falls apart. In effect this con- 
cept of the presidency disposes of the 
party system by making the President 
reach directly for the support of a 
majority of the voters. It favors a 
President who exploits skillfully the 
arts of demagoguery, who uses the 
whole country as his political back- 
yard, and who does not mind turning 
it into the embodiment of personal 
government.1 


Our dependence upon the Presi- 
dent for such a program subjects the 
program to all the limitations which 
are inherent in the vision and capa- 
city of a single man to comprehend 
the needs of the country, to measure 


the will of the people, and to formu- , 


late such a program of action. I sin- 


cerely believe that no president can * 


be equal to the task in the days 
ahead. 


BARRIERS 


The next step is to consider some 
of the more important barriers to 
such a system. 

(1) The attitude of the people, 
their unwillingness to back party 
responsibility on the part of their 
elected officials when to do so would 
cause local or group interests to suf- 
fer. I am reminded of Mr. Dooley’s 
comments on the tariff : 


“T loathe the ‘tariff’ ”, says the Sena- 
tor fr’m Virginya. “Fr’m arliest days 
I was brought up to look on it with 
pizenous hatred. At miny a convin- 
tion ye cud hear me whoopin agin’ it. 
But if there is such a lot iv this mon- 


1 Toward A more Responsible Two-Party System, 
Supplement, The American Political Science Re- 
view, pp. 93, 94. 
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strous iniquity passin’ around, don’t 
Virginya get none! Gintlemen, I do 
not ask, I demand rights f’r me com- 
monwealth. I will talk here ontil July 
fourth, nineteen hundred and eighty- 
two, agin’ the proposed hellish tax on 
feather beds onless somethin’ is done 
f’r the tamarack bark iv old Virginya.” 

“Th’ argyment iv the Sinitor fr’m 
Virginya are onanswerable,” says Sini- 
tor Aldrich. “Wud it be agreeable to 
me Dimmycratic colleague to put both 
feather beds an’ his what-ye-call-it in 
the same item?” 


“In such circumstances,” says the 
Sinitor fr’m Virginya, “I would be 
forced to waive me almost insane pre- 
judice agin’ th’ hellish doctrines iv 
the distinguished Sinitor fr’m Rhode 
Island,” says he.2 


Or perhaps the position of the 
American people on sectional and 
group’s interests vs. national and 
party interests is better described by 
Odegard and Helms in the following 
words : 


The great issues of States’ Rights, 
Liberty, Individualism, and so forth, 
with which party leaders seek to iden- 
tify themselves cease to be symbols of 
rival party Weltanschauugen and be- 
come rationalizations from behind 
which the competing blocs snipe at 
legislation deemed hostile to their in- 
terests. So long as the exercise of 
national power is promotional in char- 
acter we hear no complaint, from the 
groups whose interests are thus pro- 
moted, against federal centralization. 
The representatives of business in both 
parties do not object to federal ac- 
tion in the field of trade promotion, 
or tariff protection. But when the na- 
tional government seeks to protect 
workers in their liberty and the right 
to organize, it is decried as an un- 
warranted assault upon individual lib- 
erty and the rights of the states. When 
the automobile industry views with 
alarm the mounting burden of gov- 
ernmental costs it is not thinking of 
road-building activities. And so with 
the agrarian interests. Throughout 
most of our history they have carried 
the torch of state’s rights. But they 
have not seriously objected to federal 
legislation conceived in the interest of 
agriculture. Government aid in the 


* Quoted in Odegard, Peter, American Public 
Mind, p. 142. § 


form of unemployment relief, old age 
pensions and social insurance, say the 
representatives of business, will de- 
stroy individual initiative. But sub- 
sidies to banks, railroads, shipping and 
airplane companies are said to encour- 
age rather than stifle the spark of in- 
dividual enterprise.* 


(2) The efforts of pressure 
groups in demanding special favors 
of administrators and legislators is 
well known to us all. We have wit- 
nessed a revealing investigation of 
the efforts of borrowers to bring 
pressure to bear upon government 
officials who they thought could in- 
fluence their chances to get loans 
from the RFC. If such cases were 
isolated and confined only to that 
organization they might be more 
spectacular, but the total effect 
would be very much less alarming. 
Quite the contrary, hundreds of mil- 
lions of dollars are spent each year 
by pressure groups to prevent the en- 
acting of legislation which they con- 
sider unfavorable to their special 
interests regardless of the interests 
of the majority. A number of case 
studies have been made of bills which 
have been long delayed or even 
finally defeated by the efforts of a 
very small minority of the voters. 


One of the most revealing studies 
of this kind which I have seen is 
recorded in the book Congress on 
Trial by James M. Burns. The fol- 
lowing is Mr. Burns’ own descrip- 
tion of what happened to one im- 
portant piece of legislation, the Fair 
Labor Standards Act: 


Viewing the American political 
scene early in 1937, one might have 
assumed that no bill would have an 
easier journey through Congress than 
one seeking to shorten the working 
day and to abolish starvation wages. 
This reform, which had been in effect 
in other countries for years, was long 
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overdue in the United States. Follow- 
ing the 1936 elections the political set- 
ting seemed ideal for quick action by 
President and Congress. Both party 
platforms had made pious gestures to- 
ward the need for improved wage and 
hour standards. Candidate Roosevelt 
had proclaimed that he “had only just 
begun to fight” for improved working 
conditions, and in forty-six states the 
voters had endorsed his stand. His 
party dominated Congress, holding 
nearly four-fifths of the seats in each 
Chamber. Opposition strength was so 
low that only two Republicans were 
on the 13-man Committee on Education 
and Labor in the Senate. 

As it turned out, the Fair Labor 
Standards Act emerged only after a 
stormy twelve-month period of gesta- 
tion. Surviving a series of near mis- 
carriages and attempted abortions dur- 
ing three separate sessions of Con- 
gress, the infant bill finally appeared, 
crippled, undersized, and hardly recog- 
nizable to its progenitors. 


The story told by Mr. Burns of 
what happened to this important 
piece of legislation backed by the 
platforms of both parties and strong- 
ly urged by the President is a chroni- 
ele of the efforts of one pressure 
group after another using every 
means at its disposal to defeat the 
will of the majority. They almost 
succeeded. 

(3) But the greatest barrier to 
a responsible two-party system out- 
side the parties themselves is the de- 
centralized organization and proce- 
dure of Congress: Such decentral- 
ized effort, such legislation ‘‘by the 
piece,’’ makes the efforts of the par- 
ties almost impossible. Three things 
in the organization and procedure 
of Congress serve as effective bar- 
riers to party responsibility. 

First, the committee system with 
its attendant diffusion of responsi- 
bility results in the making of many 
important decisions in thirty-five 
places behind closed doors and be- 








‘ Burns, James M., Congress on Trial, p. 69. 


yond the reach of party leaders and 
citizens alike. No party organiza- 
tion can control the efforts of its 
members under such conditions. Fur- 
thermore the decisions so made, 
while not final, are of the utmost im- 
portance in the entire legislative 
process. 

Second, the practice of giving 
prospective legislation to committees 
without first considering the effect 
of such legislation upon national 
interests, the party’s program of 
legislation, or upon other important 
issues before the American people 
serves to further weaken the efforts 
of the parties to be responsible. 

Third, the seniority rule for selec- 
tion of committee chairmen serves 
to elevate Congressmen to positions 
of great importance regardless of 
their willingness to support party 
programs. The facts seem to indicate 
that at least as often as not the chair-, 


men of important committees are, 


almost.entirely opposed to the party 
program and unwilling to support 
even the most insignificant planks 
in that platform. 


Party WEAKNESS 


No attention thus far has been 
given to the weaknesses of the party 
itself. In failing to mention them 
I do not want to create the impres- 
sion that such weaknesses do not 
exist. Schattschneider points out 
that decentralization is characteris- 
tic of American political parties. 
Others have argued that rather than 
one Republican and one Democratic 
party we should speak of at least 48 
Republican and 48 Democratic par- 
ties. A strong case could be made 
for increasing that number. Nor can 
it be said that American parties have 
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made great efforts to ‘strengthen 
themselves from within. The only 
important national institutions of 
our parties are those which are con- 
cerned with the conduct of Presi- 
dential elections and have nothing 
to do with carrying out party pro- 
grams of action. 

We are all aware of the important 
position of the great party bosses. 
Such captains of political power are 
far more important and far better 
known than members of the national 
committees, unless they happen to be 
one and the same person, or even the 
national chairman of either party. 
Furthermore the decentralization of 
power and the lack of effective con- 
trol over them leaves such bosses the 
real power in the parties, able to 
dictate party policies and to defeat 
any efforts which would result in 
action contrary to their supposed 
interests. 

In fact, it might be argued that 
American political parties have 
shown great reluctance to take on 
responsibility for formulating and 
carrying into effect either a state- 
wide or a national program of legis- 
lation or administration. 


Steps To Party RESPONSIBILITY 


I come now to the real purpose of 
this paper, to discuss steps which 
could lead to greater party responsi- 
bility. The suggestions are some- 
what the same as those presented by 
the Committee of the American Po- 
litical Science Association in its re- 
port, which, I believe, has consider- 
able merit. The Association points 
out that such suggestions do not 
present panaceas but, if adopted in- 
dividually, will help to improve the 
situation. 


The committee’s suggestions are 
presented under the following head- 
ings: 1. National party organiza- 
tion, 2. Party platforms, 3. Party 
organization in congress, 4. Political 
participation, and 5. Research on 
political parties. 


National Party Organization. — 
Foremost among the committee’s 
suggestions under the heading of 
national party organization is that 
a national party council of 50 mem- 
bers be created to perform the fol- 
lowing functions: 

1. Consider and settle the larger prob- 
lems of party management. 

2. Propose a preliminary draft of the 
party platform to the national con- 
vention. 

3. Interpret the platform in relation to 
current problems. 

4. Choose for the national convention 
the group of party leaders outside 
the party organization. 

5. Consider and make recommenda- 
tions to appropriate party organs in 
respect to congressional candidates. 

6. Make recommendations to the na- 
tional convention, the national com- 
mittee or -other appropriate party 
organs with respect to conspicuous 
departures from general party deci- 
sions by state and local party or- 
ganizations. 


To this list of six functions might 
be added the suggestion that this 
council of 50 help formulate a pro- 
gram of legislation designed to serve 
the national interests, in line with 
the party platform after taking into 
account such modifications as public 
opinion seems to demand. Such a 
program of legislation should then 
be submitted to a caucus of that 
party’s members in Congress, and 
when, approved by such a body, be- 
come the basis for an over-all pro- 
gram of legislation backed by the 
Congressmen of that party. 


It is important to note that this 
committee of 50 must be democrati- 
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cally selected and broadly represen- 
tative of all of the elements which 
make up the party itself. It might 
be composed of the party’s leaders 
in Congress, important state gov- 
ernors who are members of that 
party, members of the national com- 
mittee, leaders of business, of agri- 
culture, and of labor, the President 
or the defeated candidate for that 
office as the case may be, and mem- 
bers selected by the national conven- 
tion to represent that larger body of 
party opinion. 

It seems to me that organizing this 
committee of 50 would be the most 
important single step which could 
be taken by our parties to provide 
for greater responsibility and better, 
more democratic government. 

The committee of the Association 
also suggested that the national con- 
vention should meet at least every 
two years and should take a greater 
part in the determination of party 
affairs and of party programs. 

Party Platform.—tThe party plat- 
form should be formulated at least 
every two years and should repre- 
sent the work and the considered 
opinion of party leaders both in and 
out of Congress. The committee of 
50 should give considerable effort to 
initiation of the platform but the 
convention should serve as the final 
authority as to what it should con- 
tain. Public hearings on party plat- 
forms might well be held prior to 
their submission to the convention. 
State and national platforms should 
be integrated as far as possible and 
all contradictions which they might 
contain should be eliminated. Above 
all, Congressional candidates should 
be well aware of the platforms upon 
which they are seeking election. 





As things stand now, the platform 
is not drawn up until after the nomi- 
nating process is completed. Thus 
a candidate who seeks the nomina- 
tion of his party is often not even 
aware of the stand his party will 
take on many important issues. So 
long as this remains the ease it will 
be difficult if not impossible to hold 
candidates to party programs in the 
November elections and thereafter, 
nor will it be possible for local party 
members to select candidates in the 
primaries who will pledge themselves 
to carry out broad programs of ae- 
tion suggested and backed by the 
party. 


Party Organization in Congress.— 
In Congress both the selection of 
committee chairmen and committee 
members should depend upon their 
willingness to support the party’s 
program. Caucuses or conferences of 
each party’s members should be held 
more often and should be the means, 
by which details of party policy on 
pending legislation should be filled 
in. Decisions of the caucus would 
thus be decisions arrived at more 
democratically and would naturally 
have the support of a greater share 
of the membership. Such support 
would make party discipline as such 
very much less essential. 


The procedure suggested here may 
be better understood if applied in 
outline to Congressional procedure 
in passing legislation. 

The steps which I have advocated 
are as follows: 

1. The party program should be formu- 
lated by the committee of 50 well in 
advance of the April primaries and 
be publicized to such an extent that 
candidates and local party members 


are clearly aware of its broad out- 
lines. 
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Such a program would then be 
submitted to the party convention 
and, after due consideration and 
necessary changes, adopted by that 
body. 

3. It would then become the program 
of that party throughout the nation 
in its November election. I would 
like to stress those words, through- 
out the nation. No platform should 
be adopted which is not sufficiently 
a compromise that each element of 
the party could back with conviction. 

4. When approved by the majority of 
the voters of the nation the party 
caucus of members of that party in 
Congress should be called to meet 
with the committee of 50 to decide 
upon a program of legislation de- 
signed to carry out platform prom- 
ises. The minority party should do 
likewise, formulating alternatives to 
the majority program. 

5. The majority program and the mi- 
nority alternatives would then be- 
come the basis for a debate on the 
floor of each house. Only after a 
vote was taken on the general out- 
lines of such a program should the 
matters involved be submitted to the 
Congressional committees for action 
on the details. Committees would 
then serve in their proper place in 
the entire legislative program. 

%. Following committee action the de- 

tailed legislation should then be ex- 

amined and voted by Congress. 


(These suggestions represent a some- 
what more drastic change than was sug- 
gested by the Committee. ) 





No program of responsibility for 
political parties can be expected to 
succeed unless it eventually receives 
the backing of the rank and file of 
the voters of this nation. As social 
scientists we have the responsibility 
for studying the proposals made here 
and in other such studies and lend- 
ing our support to those suggestions 
which we feel are most desirable. 
Through our efforts the citizens of 
this country may be made aware not 
only of the dangers of inaction, but 
also of the possibilities which lie 
ahead if satisfactory solutions are 
found which might make our parties 
more responsible. 

Such action on our part requires 
not only effective teaching but also 
effective research. Changes which we 
advocate must be based upon careful 
consideration of all possible results 
and the result of careful study. It 
is our responsibility to offer the best 
possible suggestions for the solution 
of not only this problem but also to 
all social problems and make our 
efforts as effective as possible. We 
cannot sit back longer and expect 
matters to work themselves out. 
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MEANING OF ECONOMIC SECURITY TO 
OLDER PERSONS 


WILLIAM H. HARLAN 
Southern Illinois University, Carbondale 


Efforts to create conditions of per- 
sonal security within the framework 
of contemporary urban industrial 
society have characterized some of 
the most potent political and social 
movements of recent decades in both 
the United States and the nations of 
western Europe. These efforts are 
often discussed as if they were of 
recent origin, but a historical survey 
indicates that they have been promi- 
nent features of economic and politi- 
eal conflicts throughout the past cen- 
tury. They clearly antedate the wars 
and depressions of this generation 
and cannot be explained in terms of 
the disruptive effects of those crises. 


The American people were com- 
pelled to recognize the growing de- 
mand for security among the issues 
brought to a head during the period 
of the New Deal, and they sought to 
deal with it by various legislative 
enactments, particularly by the So- 
cial Security Act of 1935. More re- 
cently we have begun to realize that 
the demand for security has become 
a pervasive and powerful force in 
many segments of society, a force 
which seems to increase rather than 
diminish in response to the efforts 
which have been made to deal with 
it. We have not as yet achieved a 
clear understanding of the nature 
of the demand or of the impact which 
it has had upon the social structure, 
especially upon economic institu- 
tions. 


It is the purpose of this paper, 
first, to describe a recent study of 
some factors which seemed to be in- 
volved in the feelings of security 
and insecurity which are expressed 
by older persons, and, second, to at- 
tempt to interpret the findings of 
this study in terms of their contri- 
bution to an understanding of the 
nature of personal security and their 
possible significance in the formula- 
tion of social policy. 


DESCRIPTION OF STUDY 


The study was made in Chicago in 
1949 as a part of a broader investiga- 
tion of the status and conduct of 
the aged in contemporary society. 
The study group consisted of 211 
persons, whose characteristics may 


be briefly summarized as follows: 

Age range: 60-95 years. 

Mean age: 72 years. 

Sex distribution: approximately 40 
percent females. 

Marital status: approximately 40 per- 
cent married, 20 percent widowed, 
34 percent single, and 6 percent 
divorced. 

Race: all were white persons. 

Nativity: about one-fourth were for- 
eign-born. 

Place of residence: all were residents 
of Chicago, distributed throughout 
various types of living areas; none 
were inmates of institutions for the 
aged. 

Physical health: none required at- 
tendant medical care, none were 
totally deaf or blind, and all could 
walk distances of several blocks. 


As to their representativeness of 
the entire aged population of the 
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city, they differed mainly in an un- 
derrepresentation of widowed per- 
sons, foreign-born, and nonwhites, 
and in an overrepresentation of sin- 
gle persons and of the physically 
well. It is perhaps permissible to 
consider that the study group repre- 
sents a cross section of the major 
elements comprising the older popu- 
lation, although not in their correct 
demographic proportions. 
Information regarding the status 
and attitudes of the subjects was ob- 
tained in personal interviews, using 
a standard schedule. The inter- 
views covered a wide variety of 
topics, including family relation- 
ships, friendships, leisure-time ac- 
tivities, organizational participation, 
employment, and income. The data 
thus acquired permitted an objective 
socio-economic status classification of 
each individual, following the tech- 
nique developed by W. L. Warner.’ 
The chief criteria of status which 
Were used were, first, present or 
former occupation (or occupation of 
husband for married women), and 
second, the major current sources 
of income. Among the latter, income 
from savings and investments was 
accorded the highest rank, and de- 
pendence upon charitable sources the 
lowest. In doubtful eases the number 
of years of education completed was 
used as an additional criterion. 
These attributes were scored for each 
individual, and the resulting array 
of scores was split into three socio- 
economic levels. By this procedure, 
56 persons were classed as of high 
status, 109 as of middle status, and 


‘Ernest W. Burgess, Ruth S. Cavan, and Robert 
4. Havighurst, Your Activities and Attitudes. Chi- 
tago: Science Research Associates, 1946 and 1948. 

?W. Lloyd Warner, Marchia Meeker, and Ken- 
neth Eells, Social Class in America. Chicago: 
Science Research Associates, 1949. Esp. Part III. 
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46 as of low status. That the upper 
group did represent persons of ac- 
knowledged high status is indicated 
by the fact that it included, among 
others, the former head of a public 
accounting firm, a prominent lawyer 
and state official, and a bank presi- 
dent. At the other extreme were 
former railroad section hands, con- 
struction workers, and other types 
of unskilled laborers. 

In addition to the subclassification 
of the study group by age, sex, mari- 
tal status, nativity, and socio-eco- 
nomie status, a further division was 
made in terms of an additional set 
of attributes. These pertained to the 
manner in which persons had con- 
tinued close personal relationships 
with others as they grew older. Three 
types of intimate, personal associa- 
tions were considered, namely: (1) 
living as a member of a family 
group, with husband or wife, brother 
or sister, or other close relatives; 
(2) for persons who lived outside 
a family group, the extent to which 
they had maintained contact with 
a family group; and (3) friendship 
relations with nonfamily members. 

These criteria may be thought of 
as comprising a somewhat crude in- 
dex of personal contacts or primary 
associations. Each age-sex group was 
subdivided in terms of these criteria 
to produce three subclasses within 
each group; these subclasses were 
labeled simply A, B, and C. Group 
A eonsisted of persons whose pri- 
mary, personal associations were 
most extensive ; Group B, of persons 
whose primary relations were of 
only moderate extent; and Group C, 
of persons who had only minimal 
contacts with either relatives or 
friends, and who were in many cases 
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entirely isolated from contacts of 
this nature. As will be seen, these 
three groups became the basis for 
the most important aspect of the 
analysis of feelings of security or in- 
security. 

All persons in the study group had 
been asked to give several personal 
or subjective self-ratings with re- 
gard to their physical health, mari- 
tal happiness, and so forth. Among 
these self-ratings was one of par- 
ticular interest, namely, the person’s 
evaluation of his economic security. 
Each person was asked to place him- 
self on a seale consisting of the fol- 
lowing descriptive terms: well-to-do, 
comfortable, enough to get along on, 
unable to make ends meet. These 
commonplace expressions quite ob- 
viously refer to different levels of 
economic status. A summary and 
analysis of the distribution of re- 
sponses follows. 


ANALYSIS OF RESPONSES 


Of the entire group of 211 per- 
sons, 3 percent classified themselves 
as well-to-do; 40 percent as comfort- 
able; 43 percent said they had 
enough income to get along; and 14 
percent stated that they were unable 
to provide for basic needs. The dis- 
cussion here will, deal only with 
those who classified themselves in the 
last two categories, the opposite re- 
lationships being understood to ob- 
tain for the others. Persons in the 
two lower categories will be spoken 
of as living at a subsistence level. 

Upon analysis a small relation- 
ship was found between the lower 
self-ratings and older age levels; a 
slightly larger proportion of the old- 
est persons (70 years and over) clas- 
sified themselves as living at a sub- 
sistence level. A similar result 
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appeared with regard to sex, in that 
only 4 percent more women than 
men classified themselves in this 
manner. 


Very much larger differences were 
found among the three socio-eco- 
nomic levels: 41 percent of those ob- 
jectively ranked as of high status 
said they were living at a subsistence 
level; 56 percent of those of middle 
status; and 83 percent of those of 
low status. However, when the re- 
sponses were considered with regard 
to the persons’ degrees of primary 
contacts, the variations were found 
to be even greater. In Group A, 
whose primary contacts were most 
extensive, 38 percent ranked them- 
selves at the subsistence level; in 
Group B, with lesser contacts, 55 
percent ; and in Group C, the socially 
isolated group, 89 percent. 


Viewed in another way, it was 
found that 100 percent more persons 
of low status ranked themselves at 
the subsistence level than persons 
of high status; but 135 percent more 
persons in the socially isolated group 
so classified themselves in compari- 
son with the group with the most 
intimate contacts. These results sug- 
gest the inference that subjective 
evaluations of economic security in- 
volve considerations of a quite differ- 
ent nature from those of wealth, 
income, or prestige which we are 
accustomed to think of in this con- 
nection. 


This inference cannot be drawn, 
however, without attempting to an- 
swer an additional question: were 
these findings due to a covariance 
between socio-economic status and 
extent of primary contacts; that is, 
is the maintenance of primary con- 
tacts highly correlated with soci0- 
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economic level? An answer was 
sought by a further analysis in 
which persons of the same socio- 
economic level were classified accord- 
ing to extent of primary contacts. 
The number of persons was too small 
to permit a complete breakdown of 
this type. The results obtained from 
the available data are of consider- 
able interest, however. Within the 
high status group, 34 percent of 
those in Group A, and 58 percent of 
those in Group B ranked themselves 
at the subsistence level; the pereent- 
age could not be calculated for 
Group C. Among persons of middle 
status, 38 percent of Group A, 47 
percent of Group B, and 85 percent 
of Group C classified themselves at 
the subsistence level. For, persons 
of low status, 55 percent of Group 
A, and 88 percent of Group C so 
ranked themselves, the data being 
inadequate for the calculation to be 
made for Group B. The differences 
in percentage are from 20 to 130 per- 
cent greater between primary con- 
tact groups of the same socio-eco- 
nomic level than between socio- 
economic levels. In brief, the amount 
of variance in self-ratings of eco- 
nomic position was greater in terms 
of degree of primary relationship 
than in terms of socio-economic 
status. 

To summarize these statements, it 
was found that self-ratings of eco- 
nomic position varied least among 
age and sex groups, more widely 
among socio-economic levels, and 
most markedly among persons of 
different degrees of primary con- 
tacts. When persons of the same 
socio-economic level were considered, 
a major variation in responses re- 
garding economic position was found 
among the three contact groups. 
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INTERPRETATION OF FINDINGS 


What interpretation is to be made 
of these findings, and what signifi- 
cance may they have in relation to 
present social security and old age 
assistance programs? The following 
tentative answers are suggested. 


Among the institutions of society, 
the family alone has responsibility 
for physical care and early socializa- 
tion of the child and for providing 
for intimate, life-long associations of 
adults. In a manner which we as 
yet but little understand, these types 
of relationships nurture and sustain 
the sentiments of our common hu- 
man nature. It appears that continu- 
ing participation in the life of an 
intimate group stabilizes behavior 
and engenders subjective feelings of 
esprit de corps, affection, and per- 
sonal worth. 

Detachment from this network of 
relationships seems to have the effect 
in many instances of creating basic 
anxieties which may rise to the level 
of severe mental and behavioral ab- 
normalities. There is a growing 
body of evidence that prolonged so- 
cial isolation results in striking 
modifications of conduct, including 
the development of at least one form 
of psychotic disorder and of one 
type of suicidal act. Less severe con- 
sequences include hypochondriasis, 
psychosomatic disorders, hallucina- 
tory experiences, and aggressive ten- 
dencies. If we think of anxiety as a 
pervasive, nonspecific fear, it would 
seem to represent the psychic anti- 
thesis of the subjective feeling of 
personal security. 

If we apply these conceptions to 
the status of the aged in contempo- 
rary society we may perceive a rela- 
tion between certain social changes 
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of recent decades and the feelings of 
insecurity which seem to character- 
ize the more isolated segments of the 
aged population. Under the impact 
of industrialization and urbanization 
the structure and functions of the 
family institution have been radi- 
eally altered from those which are 
typical of it in agrarian society. 
Among these alterations are two of 
especial significance here: first, the 
virtual disappearance of the large 
family group with its intricate sys- 
tem of obligations and privileges; 
and second, the emergence and ac- 
eeptance of individualistic tenden- 
cies as characteristic features of 
family life. The first change has de- 
prived the aged of their traditionally 
high status with its guarantees of 
physical care and affectionate rela- 
tionships, while the second has re- 
sulted in a geographic dispersal and 
separation of family members with 
an accompanying loss of contacts 
among them. The condition of iso- 
lation of aged persons thus created 
is inevitably compounded by the 
deaths of husband or wife and 
friends. Census data and other 
sources indicate that at least one- 
fifth and perhaps one-third of our 
older population live entirely alone, 
while the proporti¢n who live with 
other persons but not in a family 


group is even larger. Isolation and 
its accompanying psychological dis- 
turbances are unquestionably far 
more common in later life than has 
been generally recognized. 

The limited findings of the present 
study seem to indicate that feelings 
of economic insecurity among older 
persons are but one aspect of a more 
general personal insecurity which 
arises from social isolation in later 
life, which is in turn connected with 
the changing functions of the family 
under conditions of urbanism. 

It remains to state very briefly the 
possible significance of this interpre- 
tation with regard to current social 
security and old age assistance pro- 
grams. It has been generally as- 
sumed that the provision of mone- 
tary assistance would alleviate the 
demand for economie security. How- 
ever, if ‘‘economic security’’ is more 
than a term applied to a certain leveb 
of income or wealth, and involves 
deep-rooted emotions on the part of 
those to whom our programs of pub- 
lic aid are addressed, then it seems 
not unlikely that the ever-increasing 
expenditures for this purpose may 
prove to be mere palliatives rather 
than remedies of a fundamental so- 
cial disorder. It is perhaps time that 
we began to consider not the symp- 
tom but the source of the difficulty. 
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PROGRESS IN SCHOOL REORGANIZATION IN ILLINOIS 


DAVID E. LINDSTROM 
University of Illinois, Urbana 


Illinois had 242 community unit 
schools in February, 1951.1 These 
242 12-grade districts were operating 
in 73 of the 102 counties of the state 
(some cutting across county bound- 
aries). The average school popula- 
tion was 226 high and 646 elemen- 
tary, or a total of 872 school pupils 
enrolled. Assuming one in five of the 
eommunity’s population is in school, 
these districts would have an average 
of 4,360 people. The area from which 
the districts draw their pupils is 
about 110 square miles or slightly 
more than three townships. 


School reorganization is a social 
process. Reorganization on a state- 
wide scale was recognized as neces- 
sary more than three decades ago. 
The Illinois Edueation Association, 
as early as 1925, had appointed com- 
mittees to study school district re- 
organization. In 1928 a recommen- 
dation was made for a county school 
districting committee. Succeeding 
reports favored county boards of ed- 
ucation to make studies and formu- 
late recommendations. A commission 
on taxation and expenditure recom- 
mended consolidation of school dis- 
tricts of the state into 400 to 500 
administrative units in 1931? 


The Illinois Educational Commis- 
sion of 1935 recommended reorgan- 


' Progress Report on School Reorganization in 
Illinois, State Advisory Commission Report No. 14, 
Centennial Building, Springfield, Mlinois. 

? Howard Dawson and others, Your School Dis- 
trict, chapter by Irving Pearson, Ilinois Education 
Association, page 161, published by the Rural Edu- 
cation Department, National Education Association, 
Washington, D. C., 1948. 


ization of school districts by legisla- 
tive action following recommenda- 
tions of a state board of education. 
This report showed a close relation 
between high cost per pupil and low 
numbers of pupils in average daily 
attendanece—costs ranging from $30 
to $747 per pupil in average daily 
attendance in one-room elementary 
schools.* Nevertheless, few changes 
were made until 1945. At that time 
Illinois had 11,955 districts, 9,680 of 
which were one-room elementary.* 
Citizen groups had been active for a 
decade or more before changes began 
to take place. No little importance 
ean be given to the Illinois Rural 
Education Committee, formed in 
1939 and made up of representatives 
from all state-wide organizations and 
most state-supported higher educa- 
tional institutions. At about this 
time, and probably as a result of 
discussions in the quarterly confer- 
ences, the University of Illinois 
Agricultural Experiment Station be- 
gan to make studies, and the Illinois 
Agricultural Association formed a 
citizen’s committee to make a study. 
Studies had been made also by the 
University of Illinois College of 
Education, Western Illinois State 
Teachers College, and other teachers 
colleges, and by the University of 
Chicago and Northwestern Univer- 
sity. 


* Report of the advisory staff made to Miinois 
Education Commission, Thomas E. Benner, Chair- 
man, State of Mlinois, 1935, page 8. 


‘School District Information, State Advisory 
Commission on School Reorganization, Springfield, 
September, 1950. 
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Studies of the University of Illi- 
nois Agricultural Experiment Sta- 
tion were made in McDonough, Pike, 
Fayette, Crawford, and McHenry 
counties. These were issued in mime- 
ographed form, and a popular manu- 
al or guide to reorganization was 
issued carrying a resumé of the data 
in the other studies.° Over 70,000 
copies were distributed, chiefly 
through county farm and home ad- 
visers and school administrators and 
teachers. 

A Progress Report of the Illinois 
Agricultural Association School] 
Committee was issued in January, 
and a final report in November 1944. 
Copies of this report went to all 
farm bureau offices and were dis- 
tributed freely among the farm peo- 
ple of the state. It recognized the 
advantages of 12-grade administra- 
tive units and made specific recom- 
mendations for reorganization. 

The people of rural Illinois did not 
respond to suggestions for state 
legislative reorganization of schools. 
It was only when proposals for ac- 
tion based on local surveys became 
a reality that changes began to take 
place. The first survey effort was 
in 1941 when 17 county survey com- 
mittees were formed as a result of 
enabling legislatiom Little reorgan- 
ization took place, however, primar- 
ily because no legal means were pro- 
vided for the people’s acting upon 
county survey committee’s recom- 
mendations. 

Various forces cumulatively made 
possible the enactment in 1945 of 
the second county survey law. This 
law required the people to vote upon 
recommendations made by county 





5A Guide for the Study of Rural School District 
Reorganization, RSM-104, University of Illinois 
College of Agriculture, Extension Service and Home 
Economies, 1948. 


survey committees. The law re- 


- quired, also, that the county super- 


intendents call meetings of school 
directors and school board members 
to vote on whether to set up county 
survey committees. It was significant 
that in 1945 these officials in all but 
nine of the state’s 102 counties elect- 
ed to form county survey commit- 
tees. By 1947 eight of the other nine 
counties had followed suit. 

Farmer leadership was important 
in the progress made in school re- 
organization in Illinois. About three- 
fourths of the votes cast for county 
survey committees was favorable. 
Approximately three-fourths of all 
voting was rural, mostly farmers. 
The law required that five of the 
nine members of the committees to 
be elected were to reside in rural 
areas. It turned out that two-thirds 
of them lived on farms.* Hence, the 
movement for making studies basig 
to reorganization included a large 
number of the farm people of thé 
state. 

From 1938 to 1949, one-room 
school districts were reduced by 71 
percent, the reduction in the total 
being 58.6 percent. These changes, 
however, fell considerably short of 
the recommendations of county sur- 
vey committees. 

Most county survey committees 
favored the community unit type of 
district. It is significant that out of 
89 committees, 17 county committees 
recommended county units, 46 ree- 
ommended one or more community 
units, and only 26 recommended 
dual systems. The area in which most 
reorganizations took place was in the 
central part of the state; even in the 


® David E. Lindstrom, Illinois School District 
Boundaries, RSM-24, Research in Rural Sociology, 
Department of Agricultural Economics, University 
of Mlinois Agr. Experiment Station, Urbana, 1959. 
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east-central section, in which many 
county survey committees recom- 
mended dual systems, considerable 
change toward unit districts has 
taken place. The lack of change in 
southern Illinois, in light of the uni- 
formity with which county commit- 
tees recommended 12-grade systems, 
is remarkable. Change comes more 
slowly in this area, evidently. Prob- 
ably part of the reluctance to change 
is due to lack of state-aid financial 
incentive, and part to the fact that 
schools in this section did not have 
the low attendance per school so 
characteristic of those in other parts 
of the state. 

Reorganization was rapid in 1945- 
49. It was stimulated by permissive 
state legislation (the community 
unit act) and the desire for better 
schools.. It was made possible as a 
result of county survey committee 
recommendations which called for 
action or vote on the part of the 
people. It has since slowed down. 
County survey committees have fin- 
ished their work and have been dis- 


charged. Evidently state-aid incen- 
tives for reorganization are not 
enough to stimulate the kind of ac- 
tion necessary to complete the task 
in the state. Probably the basic re- 
quirements for a community unit 
district — 2,000 population and 
$6,000,000 valuation—are not suited 
to all areas. 

Progress in school reorganization 
will continue in the state, under 
present conditions, as the people of 
a community see its desirability and 
petition to set up a community unit 
district. Most communities can prob- 
ably qualify under the 2,000 mini- 
mum population requirement. But 
in some areas a minimum of $6,000,- 
000 valuation may require so much 
territory to be included that the com- 
munity is lost in the larger area. A 
system of state aid that would enable 
the less favored areas, economically, 
to organize and be insured of enough 
financial support for a good program 
may be needed before reorganization 
of community schools can be com- 
pleted in Illinois. 





+ 


) 
| 


190 Illinois Academy of Science Transactions, Vol. 44, 1951 


DIALECT, AN INFORMAL RECORD OF HISTORY 


REX WILSON 
Augustana College, Rock Island 


Most of us are apt to dismiss the 
language we speak with as little 
thought as we give the breath which 
propels it. Yet, in its own way, lan- 
guage is surprisingly substantial and 
tends to stay where it is put. These 
qualities make it potentially one of 
the most intimate and subtle sources 
of evidence for the cultural histo- 
rian, although at the moment it is 
one of the least used. 

Like any other detail of a civiliza- 
tion, be it village or field pattern, 
burial custom, barn architecture, or 
folklore themes, linguistic evidence 
can be mapped. One has only to tra- 
vel from north to south in Illinois to 
notice a difference in speech. Cur- 
rent research which I shall mention 
later indicates that we are close to 
at least one boundary between two 
speech characteristics. In whatever 
direction we move we become aware 
that while we all speak what we call 
one language, we speak it differently 
in different places. The close and 
methodical investigation of these dif- 
ferences in the field and the record- 
ing and editing of the results is the 
work of the linguistic or dialect 
geographer. 

A general survey of the dialects of 
this country is being carried out by 
a permanent organization under the 
direction of Hans Kurath of the Uni- 
versity of Michigan. The Linguistic 
Atlas of the United States and Can- 
ada, sponsored by the American 


Council of Learned Societies, has 
been in use since the summer of 
1931.1 In 1939, Linguistic Atlas of 
New England (6 vols.) was pub- 
lished.? Further regional studies fol- 
lowed, covering the whole Atlantiec 
seaboard, but war and rising pub- 
lishing costs have delayed the ap- 
pearance of atlases containing Mid- 
land and Southern material. A Word 
Geography of the Eastern United 
States has been written by Dr. Ku- 
rath making use of this material and 
data from the New England atlas.’ 
This book confines itself to matters 
of vocabulary and offers no difficul- 


ties for the interested layman. Fur 


ther investigations are under way 
in the Great Lakes states and the 
upper Middle West,‘ and a prelimi- 
nary survey is being made in the 
Rocky Mountain states. 

Atlas field workers use a question- 
naire of more than 500 items which 
they put to native speakers in the 
area under investigation.’ All ques- 
tions are asked orally and oral re- 





1The genesis of the Linguistic Atlas of the 
United States and Canada is dealt with in detail 
in Handbook of the Linguistic Geography of New 
England, Hans Kurath and others, Providence, 
1989, pp. ix through xii. 

2Hans Kurath and others, Linguistic Atlas of 
New England, six volumes and Handbook, Provi- 
dence, 1939. 

3 Hans Kurath, A Word sraaey of the East- 
ern United States, Ann Arbor, 

4 The regional directors are: "Ore at Lakes, Prof. 
Albert H. Marckwardt, University of Michigan; 


Upper Midwest, Prof. Harold B. Allen, Univervity 
of Minnesota. 

5 This is an abridgment of the longer, about 
800 items, que. tionnaire used in the New England 
“pilot project.” The New England questionnaire 
is published in Hans Kurath’s Iandbook, pp. 150- 
158. , 
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sponses are recorded in phonetic 
script.® 

Both the Handbook to the Linguis- 
tic Geography of New England and 
A word Geography of the Eastern 
United States contain acknowledg- 
ments by Dr. Kurath of the contri- 
bution which settlement historians 
have made to the ground work of 
the Linguistic Atlas, but a historian 
leafing through the maps in A Word 
Geography will soon become aware 
that Dr. Kurath’s thanks are not the 
only return the historian may ex- 
pect. For the result in maps is a 
delicate tracing in some detail, not 
merely of the great recorded move- 
ments of our population and the 
more obvious interminglings of re- 
gional cultures, but also of the fine 
day-to-day relationships of work, 
play, and commerce. It is a sensitive 
and meaningful pattern. 

Everywhere our settlers have gone 
they have taken their language, im- 
posing it upon the regions where 
they have dominated, but borrowing 
distinctive and useful terms from 
neighbors with different regional ori- 
gins. The results can be mapped just 
like any other feature of human 
geography, and the simplified lines 
or isoglosses which we throw around 
the areas where a term or pronunci- 
ation feature occurs carry signifi- 
cance far beyond their utility to the 
linguist.’ 

For instance, we can consider the 
distribution of terms for the dragon- 


6 Atlas methodology is briefly described by 
E. Bagby Atwood in “Grease and Greasy—a Study 
of Geographical Variation” The University of Texas 
Studies in English, vol. 29, 1950, pp. 251—253; 
and Albert H. Marckwardt, “Folk Speech in Indi- 
ana and Adjacent States,” Indiana History Bulle- 
tin, Vol. 17, No. 2, February, 1940, pp. 124—127. 
The standard detailed description in Chap. II of 
Kurath’s Handbook. 

7 Atwood, “Grease and Greasy,” pp. 252, 253, 
describes cartographical representation of linguistic 
atlas data with accuracy and caution. 
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fly... This is a much-quoted example 
which shows a clear division of re- 
gional usage. Darning needle or 
devil’s darning needle are the chief 
terms used in New England and its 
settlement areas, not only westward 
in New York State, northern 
Pennsylvania, and across the border 
to the northern strip of Ohio, but 
also in New England settlements of 
Nova Scotia. In all but the northern 
part of Pennsylvania the usual ex- 
pression is snake feeder, while to the 
south, especially in the Virginia 
Piedmont, it is called snake doctor. 
Coastal areas of the South use mos- 
quito hawk. 

But one main feature of this dis- 
tribution remains to be examined. 
The Midland term snake feeder is 
found virtually continuously in the 
valleys of the Alleghenies, where it 
competes with snake doctor in the 
Piedmont, and continues southwest- 
ward, sending a branch off to meet 
the coastal term mosquito hawk in 
North Carolina. 

This shows how dialect geography 
refutes the common notion that in 
some mystic way the line run by 
Charles Mason and Jeremiah Dixon 
is binding upon language and sepa- 
rates ‘‘Northern’’ from ‘‘Southern”’ 
speech. But, more important to the 
historian, we have here an informal 
documentation of the southwestward 
migration from Pennsylvania which 
preceded the better-known westward 
movement. More than this, we have 
a clear trace of the settlement of 
western North Carolina from the 
west, an offshoot of the migration 
from the north. 

The isoglosses with which we 
might bound these terms resemble, 


8 Kurath, Word Geography, p. 75 and fig. 141. 
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but do not coincide precisely with, 
any number which might be drawn 
on the basis of Atlas evidence. Their 
projection across the country re- 
mains parallel to what we know of 
population movements. As the work 
of the Atlas is incomplete, we must 
examine this projection in occasional 
articles by field workers and other 
linguists using available field rec- 
ords. One illuminating example is 
Bagby Atwood’s study on the pro- 
nuneiation of grease and greasy 
which traces a line, based on the col- 
lections in the Eastern states, across 
Pennsylvania and New Jersey from 
Long Island to the border counties 
of Ohio. The line is less clear cut 
than a pair of isoglosses bounding a 
band of overlapping usage. To the 
north virtually all informants say 
|gris| and to the south [griz|. In 
broad terms the band moves across 
most of northern New Jersey and 
turns to follow the Delaware River 
south. As it moves westward again 
from the mouth of the Delaware it 
places most of the lower Susquehan- 
na in the [gris] area and then moves 
northwestward across the head- 
waters of the Allegheny to turn 
southward in Ohio just where the 
evidence available in field records 
ends. , 

Dr. Atwood quotes Prof. A. H. 
Marckwardt, director of the Great 
Lakes atlas, who finds that prelimi- 
nary surveys place the northern 
limit of [grizi] in central Ohio, 
swinging northward in the west to 
take in most of Indiana, then turn- 
ing southward again through cen- 
tral Illinois toward St. Louis.’® Prof. 
Marckwardt’s map and my observa- 


9 Atwood. 


10 Atwood, p. 256; and Marckwardt, pp. 127-130, 
and fig. 4. 
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tions indicate that the line passes 
south of Springfield on its way to 
the vicinity of St. Louis. Concern- 
ing usage across the Mississippi we 
have no reliable recent evidence, but 
a native of Hordville, Nebraska, 
gave |grizi]. In view of what we 
know of population history in the 
west this is not unexpected. 


So far I have merely indicated 
parallels in linguistic geography to 
what records might lead us to ex- 
pect. No doubt corroborative evi- 
dence is useful, but dialect geog- 
raphy can offer more. It would be 
foolish to suggest that it can ever 
give the settlement historian evi- 
dence as solid as land grant records 
which refer to the origins of settlers, 
backed up by baptismal certificates 
of generations and an.array of fam- 
ily gravestones, but safe inferences 
can be drawn from dialect clues in 
the absence of such records or wheres 
it is suspected that a recorded place, 
of origin was actually only where 
settlers stopped for a few years or 
a generation before moving on. 

In the case of a community with 
squatter origins, linguistic facts at 
times may be the only hope of the 
historian. In speaking of the West 
I am merely speculating, but in the 
region where I have done field work, 
Nova Scotia, I have been encouraged 
by Dr. J. B. Brebner, of Columbia 
University, to cover some of the more 
remote coastal regions in the hope 
of throwing light on historical prob- 
lems. This is particularly remark- 
able in view of the fact that Nova 
Seotia is a province with excellent 
archives completely covering a long 
period of formal land settlement. 
The records are so good that when 
I mentioned to Dr. D. C. Harvey, the 
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Provincial Archivist, that one fish- 
ing village seemed to be completely 
without records and firm traditions 
of its origin, he insisted that the 
county was well covered by land 
grant records and made a note to 
look up some of the surnames I gave 
him. He was right, of course, about 
the settlement records, but the an- 
eestors of this village never had 
grants—they simply drifted in, some 
of them, local romancers suggest, 
probably literally, from shipwrecks 
or by jumping ship. Some purpose- 
ly, perhaps, forgot their origins for 
fear of seeing service again in His 
Majesty’s ships. At any rate, they 
speak a dialect notorious for its dis- 
tinctiveness in a town only six miles 
away, and a recent letter from Dr. 
Harvey concedes that that is pos- 
sibly the best clue we have to their 
origins. 

Linguistic evidence, of course, has 
its limitations and must be used with 
fare. While it is surprisingly dur- 
able as a record of history it is plas- 
tie, too. We have seen how snake 
feeder, representing Midland pene- 
tration of the Alleghenies, competes 
with the Piedmont term, snake doc- 
tor, reflecting the two sources of mi- 
gration to that area. We cannot al- 
ways rely on so clear a_ record. 
Matters of prestige and the manner 
of settlement may obscure it. In one 
county in Nova Scotia the earliest 
settlers were from eastern New Eng- 
land. Their descendants today, if we 
may judge arbitrarily by surnames, 
are not a majority of the population, 
yet since the middle of the eight- 
eenth century no generation has 
brought to the county more settlers 
than could be readily assimilated 
linguistically. It is therefore not sur- 


prising to find that New England vo- 
eabulary and speech characteristics 
predominate among the native born. 
But significant terms belonging to 
Scottish or Southern or Midland 
speech occur occasionally to remind 
us of their admixture and sometimes 
to suggest the role of those groups 
in the community. 

This is obviously not the sort of 
evidence from which the statistician 
can gain comfort, and the settlement 
historian must approach it with care, 
but its very plasticity, its suggestive- 
ness, makes it invaluable to the ecul- 
tural scholar. For every word has 
its own history, and behind each 
word is a thing, action, institution, or 
custom. 

The classic example is G. G. 
Kloeke’s study of the vowels in the 
Dutch words for mouse and house." 
In simplified terms this involved a 
situation where all dialects, what- 
ever their peculiar pronunciation of 
the vowels of these words, should 
have pronounced them both alike. 
Germanie phonology indicated this 
as virtually inescapable. Yet 
Kloeke’s survey showed that the 
vowel pronunciation of the area 
around the great cities of the Nether- 
lands extended further for house 
than it did for mouse, leaving a sig- 
nificant area where the words did not 
rhyme. As house is a clearly techni- 
cal word and a recognizable member 
of the official vocabulary, whereas 
mouse is a homely word, something 
approaching the boundary of the cul- 
tural influence of the coastal cities 
in the Moddle Ages can be mapped 
by the linquist.’* 

11 Leonard Bloomfield, Language, New York, 
1933, pp. 328-331, and fig. 6 


12’Bloomfield sheds additional light on placing 
the date of the cultural influence. 
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A livelier picture of cultural dif- 
fusion is provided by the discussion 
of the word shivaree by Alva L. 
Davis and Raven I. McDavid, Jr., 
a noisy and prankish observance 
which sometimes follows weddings.** 
This word and terms equivalent to 
it present a map strikingly at vari- 
ance with the general direction of 
the isoglosses which I have men- 
tioned so far. The evidence is not all 
in yet, but what we know suggests 
an influence of New Orleans and 
Quebee French cultures which is 
quite unexpected in its geographical 
extent. The term seems widely 
shared throughout the Mississippi 
and St. Lawrence River basins, 
while the coastal states and Ohio use 
a variety of terms; the most wide- 
spread is serenade in most of New 
England and the South, skimmilton 
or skimmerton in the Hudson Val- 
ley, horning in upper New York 
State, and belling in southwestern 
Pennsylvania, West Virginia, and 
Ohio. 

Dialect geography is not con- 
cerned merely with the quaint and 
curious. For valid linguistic reasons 
it has concentrated on the homely, 
but even everyday language can 
show such additions to our culture 
as trade and commerce have brought. 
We are reminded by reference to 
those things which do not concern 
the home that dialect geography is 
not merely the record of settlement 
and migrant cultures but of all sorts 
of subsequent change. 

One of the most distinctive and 
surprising trade terms in the coun- 
try is the Boston term tonic for the 
numerous flavors of soda water.’ 


13 Alva L. Davis and Raven I. McDavid, Jr., 
* ‘Shivaree’: An Example of Oultural Diffusion,’’ 
American Speech, December, 1949, pp. 249—255. 

14 Kurath, Word Geography, pp. 20, 21. 


Its spread clearly distinguishes the 
Boston trade area for this commod- 
ity and covers Cape Cod, Nantucket, 
the Merrimac Valley, and most of 
the coast of Maine, but it is not in 
general use in Rhode Island and 
Connecticut. However, tonic seems 
to be going out of current usage in 
the great inland resort area, pre- 
sumably because its great and sea- 
sonal group of customers largely 
find the term foreign. 


A similar ease is the Philadelphia 
term baby coach for baby carriage, 
which is also used in Delaware, 


southern New Jersey, and southern 


Pennsylvania as far west as the Al- 
leghenies.*® 


The Pennsylvania term coal oil 
has a similar relationship to the rival 
kerosene of the New England settle- 
ment area, although settlement has 
helped to spread these two and other 
terms for the same product.’* This 
places some areas under divided 
usage although they share the same 
trade sources. For example, I have 
noticed both along the north shore 
of Lake Ontario. 


Once again we are reminded of the 
complexity of the dialect record and 
of the close interrelation between 
linguist and historian. I have at- 
tempted to emphasize the signifi- 
eance to the historian of the work 
of the Linguistic Atlas of the United 
States and Canada. I would like to 
urge historians to lend the Atlas 
their support whenever and wher- 
ever it seeks funds for its surveys.” 
For there is a peculiar urgency to 
this work. The record is perishable; 


15 Kurath, Word Geography, ae 77. 

16 Kurath, Word Geogra; aphy, P 60, fig. 

17 This echoes the yom ory of htarckwardt ans 
years ago in “Folk in Indiana,” and it 
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the earliest record of our'speech can 
be reliably obtained only from our 
oldest living informants. Daily our 
horizon becomes more limited. 


Not only the historian but every 
student of man is concerned in some 
way with the prosperity of this ap- 
parently linguistic study. The inter- 
ests of the sociologist, the anthro- 


Vad 


195 


pologist, and the folklorist are close- 
ly bound up with the study of dia- 
lects. Although there has not been 
time to explore their particular re- 
lationships here, I hope I have im- 
plied a fruitful source of material 
for them.** 


18 Raven I. McDavid, Jr., “Dialect Geography 
and Social Science Problems,’’ Social Forces, Vol. 
25 (December, 1946—47), pp. 168-72. 
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ZOOLOGY 


AN ECOLOGICAL STUDY OF FORMICA FORMICA 
EXSECTOIDES* 


JOHN F. DIMMICK 
Easton Community Unit 121, Easton 


The mound building ant, Formica 
formica exsectoides Forel, is found 
in isolated villages and in a few iso- 
lated colonies in the state of Illinois. 
‘Talbot (’34) and Gregg (’44), in 
studies made of the Chicago region, 
found the F. exsectoides colonies 
there to be in isolated areas. A study 
made by Buren (’43) in the border- 
ing state of Iowa revealed F. ex- 
sectoides occurring as individual col- 
onies. These Iowa colonies were 
usually a great distance from each 
other. 

A group of mounds of F. ezxsec- 
toides is located one mile north of 
Macomb, Illinois, on U. S. highway 
67. This ant village is distributed 
over an area of about 100 by 350 
yards. In 1948, 288 ant mounds in 
this area were counted. There were 
also 53 mounds north and 3 south 
of the area mapped. Of these 225 
were F. exsectoides mounds and 7 
were Formica formica fusca mounds. 
The F. exsectoides mounds were dis- 
tributed from 610 feet to 690 feet 
elevatien, while the F. fusca mounds 
occupied an area from 650 feet to 
660 feet elevation. 

The mounds varied in size, the 
smallest being 8 em. high by 20 em. 


1The writer wishes to acknowledge his in- 
debtedness to R. M. Sallee for his assistance in 
identifying the ants and his many helpful sug- 
gestions. ’ 


in diameter and the largest, 61 em. 
high by 150 em. in diameter. A no- 
ticeable feature of these mounds was 
the characteristic extended southern 
slope found in each. 

The mounds were all located on 
sites which were well drained. Some 
low ground was found in the south 
central portion of the area studied. 
This area was evidently quite moist 
during a large portion of the year. 
No mounds were found in this area 
(fig. 1). 

The purpose of this investigation 
was to map the distribution of the 
mounds of this group of colonies of 
F. exsectoides, to study the structure 
of these mounds and certain behav- 
ior characteristics of the colonies in 
each, and to attempt an analyses 
of the significance of certain environ- 
mental factors. 


GENERAL DESCRIPTION OF THE 
REGION 


The vegetation’ of the area is pri- 
marily composed of oak-hickory 
woods, but the cover on the higher 
elevations is predominantly Maclura 
pomifera Schneid. The trees identi- 
fied were: Carya ovata Koeh., Ca- 
talpa speciosa Warder., Corylus 
americana Walt., Gleditsia triacan- 


2 The nomenclature of Jones (°45) is used for 
the flora mentioned in this paper. 
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thos L., Maclura pomifera Schneid., 
Malus ioensis Britt., Quercus velu- 
tina Lam., Quercus Marilandica 
Muench., Quercus macrocarpa 
Michx., Quercus stellata Wang., 
Quercus borealis Michx., Quercus 
alba L., and Robinia pseudo- 
acacia L. 

The undergrowth vegetation is 
typical of that found in over-grazed 
pasture land. 

The flora growing on various 
mounds was primarily Kentucky 
blue grass. Some mustard, shep- 
herd’s purse, sedge, peppercress, and 
bracted plantain were also observed. 
Some mosses and lichens were found 
growing on the lower elevations, 
which may indicate an acid soil. 


METHODS - 


The locations of the various 
mounds were plotted on a map (fig. 
1). When the boundaries of the ant 
village were established, the area was 
measured and was found to be 100 
yards east and west and 350 yards 
north and south. With the boun- 
daries of the area measured, a scale 
map was prepared. Upon this map, 
contour lines were drawn in. Eleva- 
tions were determined with the aid 
of an aneroid barometer. The aner- 
oid barometer was checked at a 
bench mark which is 50 yards north 
of the Laboratory School of Western 
Illinois State College. The elevation 
at the bench mark is 702.3 feet above 
sea level. 

The elevation readings were re- 
corded in two hours on three differ- 
ent days. Several readings were 
made in order to compensate for hu- 
midity and temperature variation, 
factors which may affect the action 
of the barometer. 
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After the contours and the course 
of a creek were drawn on the map, 
the various mounds of F. exsec- 
toides, together with the few mounds 
of F. fusca found, were plotted (fig. 
1). All of the Formica mounds 
which occurred in the mapped area 
and in the immediate vicinity were 
counted. 

From March 17 through April 7, 
1949, daily observations were made 
between 3 and 4 P.M. These observa- 
tions were primarily devoted to the 
general activity of the workers as 
it was related to general behavior 
outside of a mound. An attempt was 
made to measure humidity, air tem- 
perature, and the temperature in- 
side the mound being studied to see 
if these factors might influence ac- 
tivity. A sling psychrometer was 
used to measure the relative humid- 
ity, and standard Centigrade mer- 
cury thermometers were used to 
measure the temperatures in the air 
and inside of the mound. Two meas- 
urements of mound temperature 
were made, three inches and 12 
inches inside of the mound. 


OBSERVATIONS 


During the early fall months, Sep- 
tember and October 1948, a great 
amount of the activity of the F. 
exsectoides was found to be devoted 
to gathering nectar from plants and 
aphids. The greatest numbers of 
ants were seen on Q. alba, borealis, 
macrocarpa, marilandica, stellata, 
and velutina; Liatris clyindracea 
Michx. (Blazing-star); and Trio- 
steum perfoliatum L. (Horse-gen- 
tian). Herbaceous plants of L. cyl- 
indracea and T. perfoliatum seemed 
to be the hosts for the aphids, about 
which the ants were gathered in 
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great numbers. Once in September 
a group of seven F. exsectoides were 
observed feeding on the remains of 
a monarch butterfly. 

In late October little activity was 
observed on the mounds of either 
the F. exsectoides or the F. fusca. 
At this time it was noted that the 
entrances of thirty of the F. exsec- 
toides mounds had been enlarged. 
Each of the entrances was 3 em. 
across at the surface and tapered 
nearly to a point, 4 em. inside of the 
mound. One Colaptes auratus luteus 
Bangs (Northern flicker) was ob- 
served pecking at the side of a F. 
exsectoides mound. After the C. 
auratus luteus had flown away, the 
investigator found the same type of 
opening in the side of the mound as 
had been seen on the other mounds. 

From November until December 
no activities were observed. After 
four consecutive days of above freez- 
ing, sunshiny weather in J@nuary, 
the ants were slightly active. This 
type of intermittent activity was ob- 
served until March. 

From March 17 through April 7, 
1949, daily observations of the ac- 
tivities of the ants on and around 
the mounds were made. For the first 
week of the period, activity occurred 
entirely in one or two main opening 
burrows near the bases and on the 
extreme southern sides of the 
mounds. In all cases the activity 
seemed to be devoted to the carrying 
of pellets of earth from inside the 
mounds. On March 24, 28, and 29 
some F. exsectoides were engaged in 
getting food. During this time four 
insect larvae and the rear thoracic 
leg and abdomen of a Gryllus assimi- 
lis Fab. (field cricket) were dragged 
into entrances of a mound. None 
of the F. exsectoides were seen mov- 


ing about beyond the mounds. In 
the second week of the observation 
period, openings were made over the 
entire peripheries of the mounds, 
with pellets of earth being deposited 
around each of these openings. Some 
of the F. exsectoides were observed 
about five yards out from the 
mounds. This was the greatest dis- 
tance, since the preceding Septem- 
ber, that any ants had been seen 
ranging from the mounds. 

The older mounds, those which 
were partially sodded over by P. 
pratensis, were located along a 
branch of the creek at the south- 
eastern edge of the area. In general 
the newer mounds, those showing 
the least evidences of being sodded 
over, were found to be on the higher 
elevations to the northwest of the 
area studied. 


DIscussION 


The ecological conditions sur- 
rounding the ant village studied bys 
the investigator are somewhat simi- 
lar to those described by Gregg (44) 
and Talbot (’34). The area which 
was mapped, and in which most of 
this study was made, had been a pas- 
ture for over 30 years. It is a wooded 
area of mixed species of Quercus and 
Carya ovata in soil, predominantly 
clay, with some black subsoil at the 
lower elevations. 

Price (’45) states, ‘‘It was found 
that the main opening burrows were 
near the bases of the mounds,’’ pri- 
marily on the southern side. Nearly 
all the ants coming to and leaving 
the mounds used these openings. 
There were, however, openings 
‘‘over the entire peripheries of the 
mounds where fresh pellets of earth 
had been brought up from inside and 
deposited.’’ This investigator’s ob- 
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servations support those of Price 
(45) regarding the openings over 
the entire peripheries of the mound. 

The old, partially sodded-over 
mounds and the new mounds which 
had debris deposited on them from 
the year before were covered with 
a characteristic blanket of litter that 
was made up primarily of broken 
pieces of stems, leaves, and bits. of 
grass, intermingled with rodent feces 
and fresh pellets of earth. 


The internal structure of the F. 
exsectoides mounds was quite similar 
to that deseribed by Price (45). 
Price found that a mound 18 inches 
in height, when excavated, revealed 
a nest shaped like an inverted cone. 
This cone was 3 feet in diameter at 
the top and extended into the ground 
51% feet. The interior of the mound 
and nest was permeated with 
*‘smooth-lined tunnels’’ ranging 
from 14 inch to % inch in diameter. 


* The feeding habits of F. exsec- 
toides vary from honeydew to in- 
sects. The investigator found that 
the Quercus (Oak trees), Liatris cyl- 
indracea (Blazing-star), and Trio- 
steum perfoliatum (Horse-gentian ) 
were the most common hosts for the 
aphids which produce the honeydew. 
Cory and Haviland (’38) observed 
that ‘‘honeydew secured from aphids 
on Black locusts (Robinia pseudo- 
acacia L.), Tulip trees (Lirioden- 
dron tulipifera L.), and Oaks (Quer- 
cus) was more than that from other 
sources.’”’ 

Apparently any insects which can 
be overcome are used as food by the 
F. exsectoides. One study (Cory and 
Haviland, ’38) revealed that Japan- 
ese beetles, May beetles, small 
ground beetles, grasshoppers, and 
monarch butterflies were common 


food of the ants. In these mounds 
it was observed that in addition to 
these insects, spiders, honeybees, 
flies, insect larvae, and crickets also 
were included in the diet of F. ez- 
sectoides. 

Not only are F. exsectoides pre- 
daceous on other insects, but they 
themselves are preyed upon by some 
species of birds, such as the Northern 
flicker (Colaptes auratus luteus 
Bangs). 

In attempting to analyze environ- 
mental factors which may have ef- 
fects upon F. exsectoides workers, 
the investigator observed and record- 
ed air temperature, mound tempera- 
tures at different depths, and- rela- 
tive humidity. It was found that the 
temperature three inches inside of 
a mound seemed to correlate closely 
with the general &etivity (fig. 2). 

The temperature readings three 
inches inside the mound were rela- 
tive measures of the heat absorbed 
from the sun. On sunshiny days 
the readings were high as compared 
with cloudy days. The temperature 
12 inches inside was more constant 
than at the surface of the mound, 
and the fluctuation of ant activity 
was not so closely correlated with 
this temperature as with that at 
three inches. The same was true of 
air temperature as with that at 12 
inches (fig. 2). Relative humidity 
seemed to be an influencing factor 
in regulating activity. In general, 
when the relative humidity was low, 
the activity of the ants was in- 
creased. It appears that fluctuations 
of ant activity are fairly closely cor- 
related with relative humidity. Den- 
nis (’37) and Talbot (’34) report 
that relative humidity was an in- 
fluencing factor in the activity and 
distribution of the F. exsectoides. 
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Sunshine may be an influencing 
factor in ant activity (Andrews, ’27, 
Dreyer and Park, ’32). It is prob- 
able that, with lack of sunshine, 
moisture increases to a degree which 
checks ant activity. 

This investigator has not been able 
to find in the literature related to 
mound-building ant activities any 
satisfactory answer as to why the 
mounds of F. exsectoides tend to 
have the longest slope on the south- 
ern side. Andrews (’27) gives a par- 
tial explanation for this as being 
found in the effects of sunlight upon 
the temperature of the mound. It 
was found in the present study that 
on days when activity was restricted, 
the greatest activity of the workers 
was usually confined to the main 
opening burrows on thé extreme 
south side of the mounds. Nearly 
all the activity of the workers in the 
spring and fall was devoted to ecarry- 
ing pellets of earth from inside of 
‘the mound. In middle and late sum- 
mer, July, August, and September, 
the activity was primarily devoted 
to getting food. This activity seems 
to center around gathering nectar 
from aphids and eating insects. 
From this information it seems that 
the long southern slope of the ant 
mound is directly affected by ant 
activity only a part of the year. 
Whether this activity is influenced 
by temperature, relative humidity, 
other factors, or some combination 
of many factors has not been de- 
termined. 

An interesting problem, applicable 
to this village and possibly others, 
is that of the relationship of nuptial 
flights and winds to mound locations. 
As was mentioned previously, all old 
and uninhabited mounds were locat- 
ed at the southeastern edge of the 
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area studied. In general, the small- 
est and most recent mounds were 
found to be at the extreme north- 
eastern edge of the group of colonies. 
A possible explanation is that south 
and southwestern prevailing winds 
(Holcomb, ’41) may be an influenc- 
ing factor when the nuptial flights 
oceur. 


SUMMARY 


General behavior patterns of F. 
exsectoides seem to be influenced by 
various environmental factors. On 
the basis of the observations of this 
colony, the data obtained support 
the conclusions of earlier investiga- 
tors that ecological factors influence 
the location and composition of the 
colony; that the main opening bur- 
rows are located on the southern side 
at the base of the mound; that the 
composition of debris deposited on 
the mound by the ant workers is 
quite uniform in composition; that 
the interior shape of the mound is 
like an inverted cone which is per- 
meated with smooth lined tunnels; 
that the feeding habits vary from 
honeydew producing aphids to any 
insect which can be overcome; and 
that predatory activities of flickers 
deplete colony numbers. 

There is little correlation between 
ant activity and the temperatures 
recorded in the air above the mound 
and 12 inches inside of the mound. 

There seems to be a close correla- 
tion between ant activity, relative 
humidity and temperature three 
inches inside the mound. 

In this region the southern slope 
of an ant mound is observed to be 
the longest. It seems logical to con- 
clude that an important factor in 
the development of this longer slope 
is that of the greater soil deposition 
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occurring when worker activity is 
restricted to the main opening bur- 
rows at the base on this southern 
side of the mound. 
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This report is based upon a study 
of material collected by Harold C. 
Hanson on the Perry River Expedi- 
tion which was carried out in the 
summer of 1949 under the auspices 
of the Arctic Institute of North 
America with funds furnished by 
the Office of Naval Research. The 
Perry River flows into Queen Maud 
Gulf, which lies on the Arctic Ocean, 
west of Hudson Bay. The river is 
near the dividing line between 
Mackenzie and Keewatin Districts, 
Canadian Northwest Territories, at 
approximately 102° W. longitude 
and 68° N. latitude. 

Mr. Hanson brought back fecal 
specimens from two red-backed mice 
(Clethrionomys rutilus), seven 
Parry’s ground squirrels (Citellus 
parryi), three brown lemmings 
(Lemmus t. trimucronatus), and 14 
varying lemmings (Dicrostonyx gro- 
enlandicus richardsoni). The fecal 
samples were placed in vials in 2.5 
percent potassium bichromate solu- 
tion immediately on collection, and 
were examined in the laboratory sev- 
eral months later. Prior to examina- 
tion, the contents of each vial were 
mixed well, placed in a thin layer in 
a petri dish, and allowed to incubate 
at room temperature for at least a 
week. The material was then ex- 


* Section of Game Research and Management, 
Ilinois Natural History Survey, cooperating. 


amined under the microscope both 
directly and after sugar flotation. 
Further details on the handling of 
the vials are given by Levine 
(1951.). 


In one varying lemming, a few 
nematode eggs (possibly oxyurid) 
were found in the flotation prepara- 
tion. They measured approximately 
95 x 40 microns. In another varying 
lemming a single tapeworm egg was 
seen in the flotation preparation. No 
other helminth eggs were seen in any 
of the fecal samples. 


No parasites were found in the 
fecal samples from the red-backed 
mice or the brown lemmings. Coc- 
cidian odcysts were found in five of 
the seven Parry’s ground squirrels. 
Unfortunately, despite repeated at- 
tempts to induce sporulation by 
keeping the fecal suspensions in thin 
layers in petri dishes for as long as 
a month, not a single sporulated 
oocyst was seen in any of the 
ground squirrel specimens. Ten un- 
sporulated odecysts measured 19-21 
x 21-25 microns, with a mean of 
20.4 x 23.3 microns. Their length- 
width ratio ranged from 1.1 to 1.2, 
with a mean of 1.1. The odcyst wall 
was smooth ; it was composed of two 
layers, of which the inner was dark 
yellowish and the outer was colorless. 
There was no micropyle. 
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Since all the species of coccidia 
so far described from the genus Ci- 
tellus belong to the genus Ewmeria, 
the form found in C. parryi may be 
tentatively presumed to belong to 
this genus also. The following species 
of Eimeria have been described from 
members of the genus Citellus. 

E. beckeri Yakimoff and Sokoloff, 

1934 from C. pygmaeus 

E. beecheyi Henry, 1932 from C. 
beecheyi and C. variegatus 
grammurus (= Otospermophi- 
lus g. grammurus) 

E. bilamellata Henry, 1932 from 
C. (= Callospermophilus ) 
chrysodeirus 

E. callospermophili Henry, 1932 
from C. (= Callospermophilus) 
chrysodetrus 

E. citelli Kartehner and Becker, 





Fig. 1—O6cyst of Eimeria dicrostoni- 
cis n. sp. from the lemming, Dicrostro- 
nyx groenlandicus richardsoni. About 
x 2300. 
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1930 from C. pygmaeus and C. 
tridecemlineatus 

E. eubeckeri Hall and Knipling, 
1935 from C. franklinn 

E. franklinii Hall and Knipling, 
1935 from C. franklini 

E. ussuriensis Yakimoff and 
Springholtz-Schmidt, 1939 from 
C. (= Spermophilus)  evers- 
manne 

E. volgensis Sassuchin and Rau- 
schenbach, 1932 from C. pyg- 
maeus. 


It is obviously impossible to name 
the species from C. parryi without 
further morphological information. 


Eimeria dicrostomeis n. sp. 
(figs. 1-3) 


This species was found in five out 
of 14 (35.7%) varying lemmings, 
Dicrostonyx groenlandicus richard- 
soni. Twenty odcysts from one lem- 
ming measured 23.4-26.8 x 26.8-30.8 
microns, with a mean of 25.1 x 29.1 
microns. Their length-width ratios 
ranged from 1.1 to 1.3, with a mean 
of 1.2. Nine odcysts from another 
lemming measured 23.4-25.6 x 27.3- 
30.8 microns, with a mean of 24.2 x 
29.0 microns. Their length-width 
ratios ranged from 1.1 to 1.2, with a 
mean of 1.2. The mean dimensions 
of all 29 odeysts were 24.8 x 29.1 
microns. The odcysts were ellip- 
soidal. Their walls were composed of 
two layers. The outer layer was yel- 
lowish brown, a little more than a 
micron thick, and with a rough pit- 
ted surface (fig. 3). The inner layer 
was colorless and about 0.5 microns 
thick. In odcysts which had been ac- 
cidentally crushed the outer wall was 
oceasionally partly torn off while the 
inner wall remained intact. There 
was no micropyle. One, or occasion- 








Parasites 


Fig. 2—LZimeria dicrostonicis n. sp. 
sporulated odcyst. About x 800. 


ally two, refractile granules were 
usually visible lying among the 
sporocysts in the sporulated odcysts. 
In some oocysts no refractile granule 
could be seen, but it is possible, that 
it may have been hidden under a 
sporocyst. Neither an oocyst residual 
body nor a sporocyst residual body 
was present, although occasionally 
they were represented by a few small 
granules. Each sporulated odcyst 
contained four sporocysts. Twelve 
sporocysts measured 7.4-9.1 x 13.1- 
14.8 microns, with a mean of 8.4 x 
14.0 microns. Their length-width 
ratios ranged from 1.5 to 1.8, with a 
mean of 1.7. The sporocysts were 
ellipsoidal, but slightly pointed at 
each end. Either no Stieda body or 
a very small one was present. Each 
sporocyst contained two sporozoites. 
These were broad at one end and 
narrow at the other, and lay with 
the broad end of one beside the nar- 
row end of the other. 

Apparently no coccidia have been 


Fig. 3—Odcyst of Eimeria dicroston- 
icis n. sp. in high focus to show rough, 
pitted wall. About x 800. 


described from lemmings. The spe- 
cies described here does not resemble 
any species previously described 
from any member of the rodent fam- 
ily Cricetidae, to which the lemmings 
belong. Hence it seems justifiable to 
consider it a new species. I there- 
for name it Eimeria dicrostonicis 
n. sp. 

The odcysts of this Eimeria were 
found in the feces, but the location 
of the intracellular forms is not 
known. Furthermore, no evidence is 
available on the pathogenicity of this 
species. One may speculate that it 
perhaps plays a part in the lemming 
cycle of abundance so well described 
by Elton (1942), but more study 
will be necessary to learn whether 
this is true. 


SUMMARY 


Eimeria dicrostonicis n. sp. is de- 
scribed from the feces of five out of 
14 varying lemmings, Dicrostonyx 
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groenlandicus richardsoni, from the 
Perry River region in the Canadian 
Arctic west of Hudson Bay. Its 
oocysts measured 23.4-26.8 x 26.8- 
30.8 microns, with a mean of 24.8 x 
29.1 microns. Their mean length- 
width ratio was 1.2. 

Oxyurid type nematode eggs were 
found in one lemming, and a tape- 
worm egg in another. 

An unnamed species of coccidium 
whose odeysts failed to sporulate was 
found in Parry’s ground squirrel, 
Citellus parryi, from the same 
locality. 
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Red leg disease in frogs has been 
studied by several investigators. 
with regard to the nature and prop- 
erties of the causative organism 
(Pseudomonas hemophila), the 
transmission of the disease among 
frogs and other animals, and the 
methods of prevention and treat- 
ment. Our knowledge of transmis- 
sion and treatment is still uncertain 
and confused. 

Because of the prominent blood- 
vascular changes externally visible 
in affected frogs, a study of the blood 
in such animals was thought advis- 
able. Although certain hematologic 
data are known for normal frogs, 
there are no available data for physi- 
ologie changes occurring in the blood 
of frogs with red leg, except for de- 
scriptive studies of smears (1). 


MATERIAL AND MeEtTHOpDs 


Only the species Rana pipiens was 
used. Animals were definitely con- 
sidered to have red leg disease when 
they showed gross signs and bodily 
symptoms of a hemorrhagic septi- 
cemia, and when the blood smear 
revealed the bacteria (fig. 1). 

In connection with other studies 
here dealing with transmission and 
treatment, bacterial cultures on agar 
plates and on.broth were made from 
the blood of some of the animals to 
prove the identity of Pseudomonas 
hemophila and to show its infectivity 
‘by injection into uninfected frogs 


* With the technical assistance of Carl Mezo 
and Francis Pantelis,, 
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and fishes. Through such cultures 
red leg was produced at will in the 
present study. 


The animals were often found 
parasitized with other varieties of 
parasites, but these never produced 
the bodily changes associated with 
red leg. Such changes oecurred only 
when the rods of Pseudomonas hemo- 
phila were seen in the blood smears. 


Frogs which showed no character- 
istic evidence of red leg infection, 
as determined externally and by 
blood smears, were used as controls. 
Although much normal hematologic 
data may be found in the literature 
(2, 3, 4, 5) the facts are incomplete 
and it was thought preferable to es- 
tablish our own data. There are, in 
this regard, certain factors which 
may appreciably change the normal 
blood picture. First, in some animals, 
blood counts may vary between the 
heart and the periphery (6). From 
preliminary tests run here on the 
frog no such differences have ap- 
peared, but the possibility should not 
yet be disregarded. Most blood sam- 
ples in the present study were drawn 
from the ventricle. Secondly, the 
blood count, both red and white, 
varies with the seasons (3, 4, 7), the 
most active renewal of blood cells 
oceurring in the late spring and 
early summer. We did not rigidly 
control this factor except to analyze 
normal and diseased samples in the 
same seasons. Thirdly, it was 
thought that sex differences might 
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Fig. 1—Blood smear treated with Wright’s stain to show bacterial invasion 
of red blood cells. Rod-shaped bacteria are abundant. Red cells are vacuolated 
and swollen. About 680 x. 
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TABLE 1.—COMPARISON OF BLOOD CONSTITUENTS BETWEEN NORMAL 
MALE Frogs AND Rep Lee INFECTED MALE Frogs 








Factor studied 


Standard 
deviation of 
sample 
mean 


1 
| 

Sample 
mean 





Red blood cell count 
per c. mm. of blood 


Platelet count 
per c. mm. of blood 


_ White blood cell count 
per c. mm. of blood 


Coagulation 


time in seconds 


Hemoglobin in 
percentage 


Sedimentation rate in mm. 


Normal 50 
Diseased 50 


Normal 50 
Diseased 50 


Normal 50 
Diseased 50 
Normal 50 
Diseased 50 
Normal 41 
Diseased 25 


Normal 50 


(after 15 and 60 minutes) 
Diseased 50 


Size of red cell 


Normal 30 
(long diameter in microns) Diseased 30 





_— 





480 , 000 
440 ,000 


23 ,000 
15,000 


890 ,000 
792 ,000 


16, 134 
13,700 


21 ,000 
36 , 000 16.4 
1,240 
4,180 3.9 


102 15.6 
117 21.8 3.9 


82 10 


61 14.7 2.15 


0.7 
(15 min.) 
4.4 


(60 min.) 
58.1 














P : 
be present, so that the data were col- 
lected according to sex. 

The variables considered included 
the red cell count, red cell size, white 
cell count, hemoglobin content of 
the red cell, sedimentation rate, pla- 
telet count, and coagulation time. 
All cell counts were made on a 
hemacytometer platform. Coagula- 
tion time was obtained by the eapil- 
lary method with glass coagulation 
tubes. The hemoglobin percentage 
was found with the Sahli hemometer, 
and the human standard of 17 gm. 
per 100 ec. was used as the equiva- 
lent of 100 percent. Sedimentation 
‘rate was determined with the Lan- 
-dau-Adams microsedimentation ap- 
 paratus (8, 9). Blood smears stained 
with Wright’s stain were made in 


all instances.- These were examined 
qualitatively for size, shape and 
structure, particularly of red cells. 
This kind of observation has been 
made elsewhere (1). The red cell 
diameter (using only the long axis 
as an index of cell size) was deter- 
mined quantitatively in the smears 
using a micrometer ocular which had 
been previously calibrated in mi- 
crons with a stage micrometer. Some 
distortion in size of red cells occurs 
in this technic using dry stained 
films, but this is equal for both nor- 
mal and red leg preparations. 

In the computations, color indices 
were computed from the mean values 
of hemoglobin and red cells, by di- 
viding the percentage of hemoglobin 
by the percentage of red cells. 
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TABLE 2.-—-COMPARISON OF BLOoop CONSTITUENTS BETWEEN NORMAL 
FEMALE FRoGS AND Rep Lee INFectEeD FEMALE FROGS 








Factor studied 


Number of 
animals 


Standard 

Sample deviation of t 
mean sample value 

mean 





Red blood cell count 
per c. mm. of blood 


Platelet count 
per c. mm. of blood 


White blood cell count 
per c. mm. of blood 


Coagulation time 


Normal 50 
Diseased 50 


Normal 50 
Diseased 50 


Normal 50 
Diseased 50 


Normal 50 
in seconds Diseased 50 


Hemoglobin in 


Normal 50 
percentage i 


Diseased 20 
Normal 50 
Diseased 50 


Sedimentation rate in mm. 
(after 15 and 60 minutes) 


Size of red cell 
(long diameter in microns) 





Normal 30 
Diseased 30 


Data unnecessar\y; see text 





512,000 
466 ,000 


874,800 
769 , 800 


14,161 
12,300 


37,000 
56 ,000 


23 , 600 
92,300 


3,091 
3,860 


— 
So 
~~ OO oo wo 





0.13 











All quantitative results were sub- 
jected to statistical methods of com- 
parison, t-tests of significance being 
run. The number of animals in- 
cluded in each sample studied varied 
from 20 to 50, these facts being listed 
in tables 1, 2, 3 and 4. 

The variables chosen for study 
were believed to bes adequate to de- 
fine and characterize the physiologic 
blood picture in red leg disease. 


EXPERIMENTAL DaTA 

In the collection of data the pos- 
sibility of sex differences was con- 
sidered and all data were taken with 
this in mind. Significant sex differ- 
ences were computed (tables 3 and 
4) in both normal and diseased frogs 
for red blood cell count and hemo- 
globin percentage. No sex differences 
were found for the other factors. 


This is analogous to the situation in 
human blood. All previous normal 
counts in the literature have been 
reported without regard to sex. 

For most of the factors studied, 
the variability in the measurements 
was greater in the diseased than in 
the normal animals. This is because 
the diseased frogs had red leg in 
different degrees of severity with 
consequent gradations in the blood 
picture. 


All the factors under analysis 
showed significant variation between 
the normal and the diseased animals. | 
The level of significance for the num- 
ber of cases employed, using t-tables, 
was considered to be t — 2 (one 
possibility in 20 that this level of 
results could oceur by chance); t 
was computed from the equation: 


sit 5S O vPa vVuyva 


ee, 
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where M = mean, N = number of cases, and d — difference from mean. 


The red blood cells were markedly 
affected in structure by the bacterial 
invasion. In the smears they were 
seen to be deformed, swollen in size, 
and vacuolated (fig. 1). This agrees 
with the observations of others (1). 

Data on quantitative size are illus- 
trative. A definitely significant aver- 
age increase of almost 5 microns in 
the long diameter was found. 

The difference in cell size between 
the mean values for normal males 
(19.79) and females (19.83) was so 
insignificant that only the more con- 
veniently available male value was 


presented. This omission is noted in 
table 2. 


The numbers of red cells in disease 
were decreased to a significant de- 
gree. The average decrease for males 
and females was 43,000 cells per 
ce. mm. 


The hemoglobin percentage fell 
significantly in disease. Whereas the 
average normal value for males and 
females was 79 percent (using the 
human Sahli value of 17 gm. = 100 
percent), the average value in dis- 
ease fell to 55.9 percent. 


TABLE 3.—EVALUATION OF SEX DIFFERENCES BETWEEN NoRMAL FROGS 








Number of 


Factor studied animals 


Standard 
deviation of 
sample 
mean 


Sample 
mean 





Red blood cell count 
per c. mm. of blood 


Male 50 
Female 50 


Male 50 
Female 50 


Male 50 
Female 50 


Male 50 
Female 50 


Male 41 
Female 50 


Male 50 


Platelet count 
per c. mm. of blood 


White blood cell count 
per c. mm. of blood 


Coagulation time 
in seconds 


Hemoglobin 
in percentage 


Sedimentation rate in mm. 
(after 15 and 60 minutes) 
Female 50 


Size of red cell 


Male 50 
(long diameter in microns) 


Female 50 








480,000 
512,000 


890 ,000 
874,800 


16,134 
14,161 


102 
103 


82 
76 


2.9-15 min. 
9.38-60 min. 
3.2-15 min. 
10..7-60 min. 


19.79 
19.83 
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TABLE 4.—-EVALUATION OF 





Sex DIFFERENCES BETWEEN FRoGs 
witH Rep Lea 














Number of Sample deviation of t 
Factor studied animals mean sample value 
mean 
Red blood cell count Male 50 440 ,000 15,000 
per c. mm. of blood Female 50 466 , 000 56 ,000 3.1 
Platelet count Male 50 792,000 36,000 
per c. mm. of blood Female 50 769 , 800 92,300 1.5 
White blood cell count Male 50 13,700 4,180 
per c. mm. of blood Female 50 12,300 3,860 0.067 
Coagulation time Male 50 117 21.8 
in seconds Female 50 117 22.3 0.0 
Hemoglobin Male 25 61 14.7 
in percentage Female 20 50.7 19.0 2.0 
Sedimentation rate in mm. Male 50 3. 2-15 min. 2.43 0.22 
(after 15 and 60 minutes) 11.9-60 min. 3.3 (15 min.) 
Female 50 3.3-15 min. 2.1 0.21 
12.3-60 min. 3.4 (60 min.) 

















The color index, or ratio of per- 
cent of hemoglobin to percent of red 
cells, showed in disease a definite de- 
crease. Taking our own figures for 
the normal as 100 percent (79 per- 
cent for hemoglobin and 496,000 
cells per c. mm. for the red count), 
then the hemoglobin percent was 
55.9/79 x 100 = 70.77, and the red 
cell percent was 453,000/496,000 x 
100 or 91.33 percent ; the color index 
was 70.77/91.33 or 0.77. The amount 
of hemoglobin per red cell was thus 
decreased, indicating a hypochromic 
anemia. 

The white cell count was reduced 
to a significant degree in disease. 
The average decrease in both sexes 
was 2,148 cells per ¢. mm. 

The platelet count and clotting 
time were done to reveal changes in 
the clotting mechanism of the blood. 
The platelet count in disease showed 


a significant decrease of about 100,- 
000 cells per ec. mm. The clotting 4 
time significantly increased to about 
14 percent of the normal value. 

The sedimentation rate showed in 
disease a significant increase of about 
2 mm. in 60 minutes. 


SUMMARY 


Male and female frogs with red 
leg showed significant changes in all 
factors studied in the blood. There 
was a reduction in red eell, white 
cell, and platelet count as well as 
in hemoglobin percentage. The clot- 
ting time, sedimentation rate, and 
red blood cell size were increased. 





The red blood cells were especially 
affected qualitatively, showing 
marked changes in shape and struc- 
ture. 

Significant sex differences were 
found in normal and diseased ani- 





mals 
hemo 
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mals for red blood cell count and 
hemoglobin percentage. 
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DISTRIBUTION OF TRACHYTHRIPS WATSONI 
IN ILLINOIS 
(THYSANOPTERA: PHLAEOTHRIPIDAE) 


LEWIS J. STANNARD 
Illinois Natural History Survey, Urbana 


Trachythrips watsoni Hood is a 
tiny thrips about 1.2 mm. long, sel- 
dom seen by biologists in nature. It 
is, however, a common insect within 
its range; probably an acre of the 
proper woodland would contain 
thousands of individuals. In one col- 
lection of ground litter from a woods 
in Florida, watsoni was found to be 
the second most numerous thrips 
(Watson, 1945). 

Since this thrips is not generally 
known despite its abundance, a dis- 
cussion of its features and habits 
seems worth while. 

As a non-biologist once remarked, 
Trachythrips watsoni looks like a 
miniature alligator even to the ex- 
tent of being covered by a rough 
hide. The main points of structural 
peculiarity, illustrated in figure 1, 
are: 1. five segmented antennae; 
2. head devoid of long setae; 3. ex- 
tremely long hairs, at the tip of the 
tube; 4. hind coxae farther apart 
from each other than are the middle 
pair from each other; 5. bicolored 
appearance, with head, prothorax, 
mesothorax and fore legs dark 
brown, the rest of the body yellow 
except for dusky spots on the ab- 
domen; 6. completely apterous; in 
addition to no vestige of wings, the 
eyes are small, ocelli are lacking, 
meso and metathoracic sclerites are 
reduced, and wing holding setae of 
the abdomen are missing. 


In total view this insect appears 
as sketched in figure 1A. An en- 
largement of the head, figure 1B, 
shows the small eyes which are com- 
posed of about seven dorsal facets 
and the absence of ocelli. The first 
abdominal tergite, figure 1C, is not 
separated from the following seg- 
ment by a membrane and completely 
covers the dorsum. No part of this 
tergite is differentiated into a me- 
dian shield as in most other members 
of the Phlaeothripidae. 

Larval watsoni can be distin- 
guished at once from all other Tlli- 
nois thrips by the small size and 
shape of the fifth antennal segment 
(see Hood, 1929, p. 322, fig. 8) which 
eventually becomes fused to the 
fourth segment upon transformation 
into the adult stage. Like many 
phlaeothripids, these larvae are pale 
yellowish white with much erimson 
internal pigmentation. Only the api- 
cal parts of the antennae, the spines, 
and the apex of the tube are brown. 
In comparison to the adult the com- 
pound eyes are reduced, with only 
two facets to each eye in both of the 
first two instars, as similarly found 
in many other kinds of larvae. 

In addition to size, the second in- 
star larva differs from the first instar 
by having slightly more crimson sub- 
integumental pigment, especially in 
the first and second abdominal seg- 
ments, by more slender elongate an- 




















Fie. 1.—Trachythrips watsoni Hood. A. Dorsal view of female. B. Dorsal 
view of head and prothorax. C. Tergum of first abdominal segment. 
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tennae, by the reduction of latero- 
ventral cheek callosities, and by the 
abrupt curving of the inner spines 
of the first antennal segment which 
is straight in the first instar. The 
two long setae borne at the tip of 
the tube are not unique, although 
these setae are longer than homolo- 
gous setae in other genera. Details 
of the second instar larva were fig- 
ured by Hood in 1929, page 322. 

The pupal stages have yet to be 
discovered. 

Very little is known of the life 
history or of the environmental fac- 
tors that affect this species. No ac- 
count has ever been published on the 
exact ecological niche they occupy or 
on their feeding habits. They have 
been collected chiefly by means of 
Berlese funnels, being recovered 
from ground litter brought back to 
the laboratory. Specimens extracted 
by this Berlese funnel method are 
recovered dead from the preservative 
used. As far as I know, no one has 
ever seen them alive in their natural 
habitat. 

From an examination of the con- 
ditions of the adults and by noting 
the time of occurrence of larvae it 
is possible to determine the yearly 
number of generations. Eggs ap- 
pear in the abdomeys of females at 
definite periods, and teneral speci- 
mens which are assumed to have 
emerged recently as adults likewise 
are found during definite seasons. 
Such data indicate that there are 
three generations in the yearly cycle 
in Illinois. 

Adults overwinter, then presuma- 
bly they mate and lay their eggs 
during April. From these eggs come 
the spring generation. Later in mid- 
summer a second generation ap- 


pears, followed by a third generation 
in early fall. It is this fall genera- 
tion that spends the winter in hiber- 
nation and gives rise to the spring 
generation. 

Apparently eggs are laid one at 
a time over a period of about one 
month. A single female may not 
have this long period of oviposition, 
but within the population eggs will 
be produced for at least this interval. 
Females with eggs, females without 
eggs, males, and first and second in- 
star larvae have been collected at the 
same moment from one sample of 
dead leaves in midsummer. Newly 
emerged adults have been found in 
Missouri as late as October 10. The 
earliest record of a fully formed egg 
within a female, possibly ready for 
laying, was April 5 at Flora, IIL., 
although undoubtedly, egg forma- 
tion and laying happens even earlier 
farther southward. 


Adult females can be collected “ 


every month of the year; males have 
been found during all months except 
January, February, and March, but 
since males have been taken in early 
April, presumably they also over- 
winter. Like many other thrips, the 
larvae and adults live together gre- 
gariously, apparently forming a 
loose association because of their 
habits rather than a social organiza- 
tion. Inasmuch as they occur in leaf 
mould and rotting wood in wood- 
lands or in Andropogon clumps near 
the forest edge, it is reasonable to 
suppose that they feed on fungi that 
grow in these places. 

In Illinois, Trachythrips watsoni 
is present in the southern third of 
the state ranging as far north as 
Calhoun and Effingham counties. 
This northern limit approaches the 
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limit of the cypress, mistletoe, and 
other plants and animals we gener- 
ally consider as part of the southern 
biota. From more than five hundred 
Berlese samples taken throughout 
the state, watsoni has been recovered 
only in places marked in figure 2. 
When the northern limit at about 
Effingham was detected, special trips 
were made to secure additional sam- 
ples north of this line in order to 
learn the exact northern boundary. 
In spite of the efforts to gather and 
examine more samples, no appreci- 
able expansion of the range has been 
found to date. 


Illinois is but a small portion of 
the total range of watsoni. Records 
in the existing literature and supple- 
mental records from the collections 
of the Illinois Natural History Sur- 
vey show their range to be extensive 
as indicated on the accompanying 
map of North America, figure 3. 
Their eastern distribution is similar 
to many other southern species in 
that they occur commonly in the 
deep south extending northwestward 
up the Mississippi Valley and north- 
eastward up the east coast as far 
north as Massachusetts. 


The discovery of this thrips in 
California was somewhat surprising. 
Aside from some very slight differ- 
ences, the single California specimen 
that I have examined seems to be 
conspecific with the Eastern species. 


The most amazing record of their 
distribution, in view of the known 
United States range, is the single 
record from near the Arctic Cirele in 
the Northwest Territories of Canada. 
The specimen concerned was recov- 
ered from a ground sample of grass 
debris taken by Mr. H. C. Hanson 
inside an ancient Eskimo stone 





Fie? 2.—The distribution of Trachy- 
thrips watsoni in Illinois. Solid circles 
mark the general localities from which 
specimens have been collected. 


cache. In all respects it is like East- 
ern specimens. Unless this sample 
was contaminated after it had been 
brought back to Illinois where the 
material was sorted, cold tempera- 
ture alone must not be the northward 
limiting factor at Effingham, III. 
Historically, watsoni was initially 
discovered in northwestern Florida 
in 1928. In February 1933, Drs. 
Ross and Mohr of the Illinois Natu- 
ral History Survey took the first 
specimen from Illinois, and in the 
same year Professor Watson, for 
whom the species was named, pub- 
lished records of them from three ad- 





bie siete linia 





220 Illinois Academy of Science Transactions 


w---4---}-- 





‘. *. 
~~ s 
~-/ J 


“Y 
‘ co Qy Soe 
a 


bee 


Fic. 3.—The total known distribution of Trachythrips watsoni. Range con- 
tinuity between populations surmised only for the southeastern United States 
region. Northwest Territories record doubtful. 


ditional states: Tennessee, Georgia, 
and South Carolina. From 1934 to 
1945, the knowledge of the range 
of watsoni was extended north to 
southern New York and westward 
to southern Mississippi. Our records 
herein mentioned further increase 
the known range north up the Mis- 
sissippi Valley to include regions in 
Illinois. 

To the south, at least from Aca- 
puleo and Chiapas, Mexico, to Pana- 


ma, watsoni is replaced by another 
species, 7’. albipes. In southern Flor- 
ida and in the West Indies a third 
species, T. fairchildi, oceurs with 
some overlapping of range with wat- 
sont in Florida. Two species ex- 
tremely similar to watsoni have been 
described from Texas, but the given 
differences of these two species are 
minor and possibly the two may be 
variants or subspecies of watsoni. 
Three other species have been de- 
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scribed from Panama or South 


America. The genus Trachythrips 
belongs entirely to the Western 
Hemisphere. 


Many persons have collected and 
donated specimens of watsoni to the 
Illinois Natural History Survey. 
Most of the extralimital material 
came from collembolists who found 
them incidental to their own collect- 
ing. Our Survey staff collected the 
many Illinois specimens. To all of 
these entomologists, I extend my ap- 
preciation for the opportunity they 
have given me to study this distine- 
tive thysanopteron. 
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PARASITES OF THE EUROPEAN CORN BORER 
IN ILLINOIS 


K. D. ARBUTHNOT* anp J. M. WRIGHT** 


The European corn borer (Pyr- 
austa nubilialis [Hbn.]) was first 
reported from Illinois in 1926 in 
Kankakee County by Worthley and 
Caffrey (19) and Flint et al. (16). 
This early infestation was followed 
by intensive and apparently success- 
ful efforts to exterminate the pest in 
the state. 

Even before the European corn 
borer was first reported in Illinois, 
the Illinois Natural History Survey, 
Section of Economic Entomology, 
had released one species of parasite 
in the state in an effort to establish 
it on native hosts (16). The record 
of this release by W. P. Flint did 
not name the species, but J. H. Big- 
ger of the Survey recently found 
a record in his notes that 300 Habro- 
bracon (Microbracon) brevicornis 
Wesm. were released near Jackson- 
ville, Morgan County, on October 6, 
1923. Mr. Bigger recalled that this 
species was reared in the laboratory 
of the Section of Economic Ento- 
mology and therefore concluded that 
H. brevicornis was probably the spe- 
cies to which Flint referred. No 
other records were found to account 
for the ‘‘several thousand .. . liber- 
ated at four points in Illinois.’ 

After the European corn borer 
was reported in the state in 1926, 
the Bureau of Entomology and 
Plant Quarantine released two exotic 
species of parasites in Washington 

* U.S.D.A., Agr. Res. Adm., Bureau of Ento- 


mology and Plant Quarantine. 
** State Natural History Survey. 


Township, Will County—362 adults 
of the ichneumon Ezeristes robora- 
tor (F.) and 3,635 adults of the 
braconid Microbracon brevicornis in 
1927 and 1,940 more adults of E. 
roborator in 1928 (7, 8). Baker and 
Jones (8) reported unsuccessful at- 
tempts to recover E. roborator fol- 
lowing these releases. 

A program to establish exotic spe- 
cies of parasites in the state was 
started by the Bureau in 1942. It 
was expanded in the autumn of 1943 
when the Section of Economie En- 
tomology of the Illinois State Natu- 
ral History Survey began active par- 
ticipation in it. Since then the work, 
has continued annually as a coopera- 


tive project between the two agen-" 


cies. State participation included 
the services of the junior author, in 
the fall of 19438 and 1944 at the 
Bureau’s Moorestown, New Jersey, 
laboratory where he worked with 
D. W. Jones' in procuring parasites 
for releases. The state has made most 
of the releases and collected most of 
the host larvae for information on 
the parasites since the fall of 1944; 
the Bureau has produced the adult 
parasites for releases, processed the 
collections for information on para- 
sites, and assembled the information 
for both agencies. 

2 D. W. Jones has been in charge of the Bu- 
reau’s parasite laboratory at Moorestown since 
the autumn of 1943 and has been responsible for 
procuring adult parasites for release, the process- 
ing of collected borers for parasite recoveries, and 
the identification of recovered parasites. The au- 
thors wish to express their gratitude to Mr. Jones 


and other members of his staff, especially S. W. 
Carter, for their contribution to the study. 
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TABLE 1.—NUMBERS OF ADULT PARASITES OF THE EUROPEAN CorRN BORER 
RELEASED IN ILLINOIS TO DECEMBER 31, 19501 
| 
Lydella 
Year Chelonus | Eulophus | Horogenes | stabulans |Macrocentrus| Total 
annulipes | viridulus | punctorius| grisescens | gifuensis 
Before— 
—  RSIRRS tae FEES ARRAS MRaeS: “asin etd nF mange Caner 5 , 937? 
ORR OTS eRe aaa area |g eee 1,895 2,489 
9 Ee BeSAR Cysts Rar Oe pares 494 973 3,829 5, 296 
IRS Sy cave w aed os ERR paren 836 5,890 40,492 | 47,815 
BUS 6 e555 0k ie eee 931 2,342 32,035 | 34,796 
_.. BPP rrr 296 2,961 1,429 2,978 32,896 | 40,560 
Pei ad OPO Re: | Sana re 989 2,334 35,467 | 38,790 
RR Re | Tea OC ES AGERE eaed © Peuaeeiie oy ol sak al 5 pes 18,938 | 18,938 
NS aE baba oe Bea OS at REG aad con's ohh dae Oh cuaievae pe eies 17,815 | 17,815 
Se WE Bes ice * oe bi a 3a hr AEs ee cee Wo ede | 2,974 
Total...... 4,355 2,961 5,273 | 14,517] 183,367 | 216,410 




















1The number of Microbracon brevicornis released by the state prior to 1926 is not available. 
‘2 Includes 362 and 1,940 adults of Exeristes-+roborator released in 1927 and 1928, respectively, and 


3,635 Microbracon brevicornis released in 1927. 


The Bureau has published reports 
of the releases (2, 3, 4, 6, 10, 13, 15), 
summary reports of recoveries (5, 
11, 12, 14, 17), and a review of the 
status of parasites to the fall of 1947 
has been published by the senior 
author (1). 


Sources OF PARASITES FOR 
COLONIZATION 


The five exotic species of parasites 
released in Illinois since 1943 had 
been established in the United States 
before 1940 (7) and all of them were 
obtained for release here directly or 
indirectly from field sources in 
North America. Those obtained di- 
rectly were reared under laboratory 
conditions from hibernating Euro- 
pean corn borer larvae collected in 


the fall from areas where the para- 
sites were plentiful. The larvae- 
vorid, Lydella stabulans grisescens 
R. D. came mainly from the vicinity 
of Moorestown, N. J. The ichneumo- 
nid Horogenes punctorius (Roman) 
was mostly from East Hartford, 
Conn., but one colony in 1947 came 
from the Cattaraugus Indian Reser- 
vation in western New York, at that 
time the westernmost area in which 
this parasite was known to be estab- 
lished. The braconid Macrocentrus 
gifuensis Ashm. was obtained princi- 
pally from Taunton, Mass., until 
1948 and since then from East Hart- 
ford, Conn. Chelonus annulipes 
Wesm., another braconid, was ob- 
tained for releases directly from hi- 
bernating hosts from Taunton in 








224 Illinois Academy of Science Transactions 


1944, 1945 and 1946 but those re- 
leased in 1950 were laboratory-bred 
adults reared on Ephestia kuehniella 
Zell., as deseribed by Bradley (9), 
to supplement numbers available 
from the field. The eulophid Eulo- 
phus viridulus Thoms. was obtained 
from the Dominion Parasite Labora- 
tory, Belleville, Ontario, Canada, 
where it was bred in the laboratory 
from domestic field stock. The num- 
bers of adult parasites released in 
Illinois are shown in table 1. 


COLONIZATION TECHNIQUE 


The procedure described by Baker 
ei al. (7) was generally followed in 
selecting the localities where para- 
sites were released in Illinois. Mul- 
tiple releases were made of Macro- 
centrus throughout Madison and St. 
Clair counties in 1947, in the vicinity 
of the Prairie Township, Hancock 
County, site in 1948, and at Bruce 
Township, LaSalle County, in 1949. 
These colonies were released close 
to one another because recovery 
rearings had shown that male para- 
sites predominated among recovered 
Macrocentrus in Illinois and other 
midwestern states, indicating that 
mating was not readily accomplished 
in the field. It was thought that 
colonies released neay enough to one 
another to provide an overlapping 
of dispersion from the release sites 
would thus increase the concentra- 
tion of adults and consequently the 
chances of contact between sexes. 
Results to date are inconclusive re- 
garding the effectiveness of this tech- 
nique as compared with the usual 
method of releasing single colonies. 


STaTus OF PARASITES 


Collections of hibernating Euro- 
pean corn borer larvae were taken 
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Fic. 1—Counties of Illinois in which 
exotic species of parasites were released 
against the European corn borer from 
1942 through 1950. 


annually at release sites in the state 
beginning in the fall of 1942. Sur- 
veys over extensive areas were made 
in each of the years 1948, 1949, and 
1950, when samples were taken with- 
out regard to release sites, but were 
chosen systematically from about 
every other township in several 


counties. Results from the 1950 col- 
lections are not yet available, but 
the information accumulated 
through 1949 is presented for each 
of the exotic species and for native 
parasites encountered during this 
study. 
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TABLE 2.—NuMBERS OF Lydella stabulans grisescens RELEASED 
IN ILLInois BerorE DecemMBerR 31, 1950 











County Township | 
Champaign........ Champaign...... .| 
SIS e Martinsville. ...... 
Du Page. RRR 
Hancock........... RR coe. kane 
Henderson......... EEE pees | 
Kankakee..........|/Aroma............| 
i copes | Se 
BRNO Ss iiss 8h. ee oe ae ‘| 
Livingston......... 2 eee 
ME So os cs car West Lincoln. ..... 
McDonough......../Tennessee......... 
Biercer............ New Boston....... 
RR See ae _.. Rae 
MS 25. aioe oe Li | SOO Same 
Rock Island........ Black Hawk....... 
Stephenson. ......./Silver Creek....... 
OOM Oo ns So IIe i i ea 
IRS 0's as, wha vate Tompkins......... 
Whiteside.......... ERGO Sk cee 
Woodford.......... Roanoke, ......... 
UNAS cs sak ocak ad coetewes hu tne 














1944 1945 1946 1947 | Total! 
493 0 0 | 0 | 493 
491 0 0 | 0 | 491 
490 0 497 0 | 987 

0 0 0| 498 | 498 
0 0 0| 495 | 495 
0 491 0 0 | 491 
484 987 0 0| 1,966 
486 0 496 0 | 982 
0 0 494 | 0 | 494 
489 0 0 0 | 489 
0 0 0 498 | 498 
0 0 0 349 | 349 
494 0 498 0 | 992 
495 0 494 0 989 
0 374 0 0 | 374 
497 0 0 0 497 
489 490 0 0| 1,467 
0 0 0 494 | 494 
489 0 499 0 988 
493 0 0 0} 493 
5,800 | 2,342 | 2,978 2,334 | 14,527 











1 Totals in this column include the numbers given in footnote: to this table. 


*In 1943, 495 adults were released here. 
5 In 1943, 488 adults were released here. 


Lydella stabulans grisescens R. D. 

This species was released in 21 
townships in 20 counties from 1942 
to 1947, as shown in table 2, and 
none was released from 1948 to 1950. 
The counties in which this species 
was released are shown in figure 1, 
where releases of other exotic species 
except Exeristes roborator and Mi- 
crobracon brevicornis are also shown. 

Lydella was the most successful 
of the exotic species of parasite re- 
leased against the European corn 
borer in Illinois. Of the counties in 
which it was released, no collection 
to determine its status was ever 
taken in Clark, Henderson, Living- 
ston, McDonough or Mercer. Among 
the localities where collections were 
taken it was not recovered from Du 
Page County where it was released 


in 1944; failures to recover it were 
recorded in only five other counties, 
(table 3). These counties and the 
years in which no parasites were 
recovered are Hancock in 1947, Ogle 
in 1944, Peoria in 1948, Rock Island 
in 1946, and Whiteside in 1944. 
However, even where none were re- 
leased after the failure, a later col- 
lection showed Lydella present in 
Haneock, Peoria, and Whiteside 
counties, indicating that it probably 
was present in the year when it was 
not recovered but that the sampling 
was inadequate to reveal its pres- 
ence. 


The recoveries at Lydella release 
sites through 1947 indicated that 
this parasite had been successful in 
establishment. Furthermore, a series 
of 12 collections taken from a polar 
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TABLE 3.—Recoveries oF Lydella stabulans grisescens From 
PARASITE RELEASE LOCALITIES IN ILLINOIS 

















Percent of borers parasitized 
County Township 
1944 | 1945 | 1946 | 1947 | 1948 | 1949 

Champaign............ Champaign........ oat 25l6 ORY SRO 4s icy 418 
TR 5 Ee ES Sa OS oF 
Kankahed, ...35%2..4:0653 a ” Saeeae ser ae 5.9**| 16.9%) 16.0 | 27.6 | 25.0 | 28.6 
Re ee ee OTD aS eee OL cee | OEY AES | 6 | a 
MN Sok oS owas West Lincoln...... ool ile PREP a ee aS 
Wes 53s vb caan eos RN SP ot 0* .... | 30.4% 19.8 | 27.33] 25.6 
POMS 5550s kos ions Timber Sid eee Te ae 0 12.5 
Mock Teland... 6.55). 5055 Black Hawk....... 0 .2%| 0 1.2| 18.4} 21.6 
Stephenson............ Silver Creek....... ..* | os | OOO 56.6) oF 
Vermin 6S ROB Rock. scons 6.7**| 10.3*| 18.2 | 31.8 | 14.0 | 40.0 
We Soe Tompkins......... 4.5* 
Wels | i eS vO eee ree 0 *| 1.4] 21.8% 26.0; 11.15 ) 
WOON oo Boanoke.......... ..* 1 2... | 40.0 | 23.5 |} 32.6 | 16.4% 


























* Shows that a release was made here this year; ( . . 


that a collection but no recovery was made. 
** Released here this year and in 1943. 


. ) that no collection wag taken; zero (0) 


1No collection taken in this township but one was taken in Harwood Township. 
24 collection was also taken in Urbana Township where 11.1 percent of the borers were found 


parasitized. 


* The collection was taken in this township as a sample in an area survey. 


coordinate design including about 
80 square miles, used in Bruce Town- 
ship, LaSalle County, in the fall of 
1947, produced Lydella from every 
one of the collections. State workers 
had observed Lydella puparia in the 
field at considerable distances from 
release sites during other studies on 
the pest. In order to gain more 
knowledge on the distribution and 
abundance of Lydella, an extensive 
survey of a seven-county area in 
northwestern Illinois was conducted 
in the fall of 1948. One sample was 
taken from about every other one 


of the townships in the seven coun- 
ties. A survey in 1949 was made 
again in the seven counties, two 
townships from an adjoining county 
were sampled, and all or part of five 
northeastern and three east-north- 
eastern counties were also surveyed. 

Recoveries from the two years sur- 
veys are shown in table 4. Among 
the sixteen counties from which sam- 
ples were taken, no Lydella release 
was ever made in eleven. These 


counties are Boone, Bureau, Carroll, 
Cook, De Kalb, Jo Daviess, Kane, 
Lee, McHenry, Will and Winnebago. 








Count 





Boone 


Bures 


Du F 


Jo D 
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TABLE 4.—PERCENT OF HIBERNATING EUROPEAN CorRN Borer LARVAE FouND 
PARASITIZED BY Lydella stabulans grisescens IN SURVEYS IN ILLINOIS 
County County 
Township 1948 | 1949 Township 1948 | 1949 
Boone McHenr 
ERVERNED. oc cae ches sca 15.0 Tees EES Sa ee py pple: ee 2.2 
: OR BAe Resae) Cae 20.6 ||Ogle 
Manehester occ} ce es 31.0 NS i c% 6 ce eis ik eee 
Bureau OS Se 38.5 | 18.4 
WRN Hooks ssn oboe cs 6D See, pee Pree 16.5 
USN 5s els 555 ves whee 05 o's 60.0 Grand Detour....... tS Oe 
Carroll Teatayette.). 5.0.55. 10.7 | 16.7 
Ch Cee... 5.3. - 8 Vee | SORES TES a> 2 ee 
) | 0. Rs Pee 30.3 Maryland.......... CO fs Sate 
SER? | oe a eee I ISSA Re » 2 & 
LO ler SERRE 34.3 MiSs os wiles 27.3 | 25.0 
3 ,. RRR Ree 22.7 | 44.0 White Rock........ 40.0 | 18.8 
Cook Stephenson 
SUNN S02 Sik Coaches cas 10.0 MN eas & doe 25.0 | 15.4 
De Kalb | | URES: neh Sree = 75.0 
, RR Per es Pee 25.0 WE ss occa he ca eas 3k ae 
South Grove........|...... 19.7 RIS sree a Se eee 
Du Page Ms Sites wake weleen 30.0 
Bloomingdale uunbidinds 4 Pe er! A Silver Creek*........ PD. 4 ey 
) pS EES SEES eee, Pee 7.9 ||Whiteside 
ae kes Sek Ee cides 25.0 I ae ieee oS ees 
Jo Daviess pS RO eee 16 @ hes nt: 
East Galena Yh hee EATOG, on. eco ede | Sa S Fee 
| Re ep REANG fear ns 38.2 Oe Re eee 20.6 
( EN ee 45.7 Prophetstown.......|...... 60.0 
ie Ff Ward Grove........ SS pe WIS 35s fo.c 3s Melh ov gald 12.5 
Woodbine........... 23.5 | 0 Will 
= Kane MISS, os Sass ocacc oben vie 17.2 
) oO er en Sree 4.3 EOE err 24.3 
Kankakee | SRS aay Sat gaeta 10.8 
| Se eres ere 12.8 ||Winnebago 
d MINS <iiord sy doe schon woh 41.4 MOONEE i o.io%, alee alas BRO ticis 
gS Pee eres ee 28.6 Pecatonica 8-8 ticcikcs 
Lee Rockford........... 29.2 | 30.6 
RS Se an B68 fe SPE ee eae 28.6 
- ke Ra ereaars Mn en 21.9 Winnebago. ........}...... 59.3 
e | EER RS earner 16.7 
| See TERN 30.4 
0 South Dixon........ 20.7 | 29.2 
y MI a baton aes oak 5.3 | 29.7 
e 5 Selene ee 
ie 1 Released here in 1944, not recovered that year, again released in 1946, 
? Released here in 1944 and in 1945, 
‘ * Released here in 1944 and in 1946. 
.. ‘Released here in 1944. 
B . . . . 
\- A special study was conducted in for the corn canning industry. The 
e southern Ogle and neighboring coun- __ results are shown in table 5. Lydella 
) ties in the fall of 1949. Collections was recovered from every one of the 
l, were taken at about one mile inter- 29 collections and parasitized 21.8 
,, vals in the four cardinal directions percent of the 1,061 borers observed. 
), from Rochelle, an important center The closest release site to this area 
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TABLE 5.—PARASITIZATION OF HIBERNATING EUROPEAN CoRN BoreER LARVAE BY 
Lydella stabulans grisescens NEAR ROCHELLE, ILL., IN THE FALL or 1949 
































Distance— Number of borers observed Percentage parasitized 
Rochelle | North East South | West | North East South | West 
Rss Rint ooe toa 47 39 29 48 4.3) 17.9 10.3 17.9 
Bs se eakees 0 17 34 O bc. ve tes | 17.6 ce & Aree 
i Sets 48 29 42 0 20.8 20.7 oS a 
re = 43 36 45 31 20.9 19.4 22.2 19.4 
pS 42 0 43 36 in tt eee 23.3 38.9 
eee ange 0 0 21 oF ere Haken es 14.3 35.7 
Eich denise 40 41 36 35 22.5 9.8 33. 734 
eget Sei 34 0 42 0 WES ties estes SO Asc. a 
Bekiszesacs 36 0 0 35 BOD Vai nS ete ee as 8.6 
| See es 0 35 0 2 eee Se Le Se eee 2.6 
Sb eres: 0 0 37 OF Rs ies dee oy eer 
Total... 290| 197| 329| 265| 17 3 | 19.5 | 27.6] 20.0 




















is in Oregon Township, Ogle County, 
18 miles west of Rochelle. These col- 
lections were taken in seven town- 
ships where the combined collections 
in each township showed an average 
parasitization by Lydella as follows: 
De Kalb County, South Grove Town- 
ship (collections East 7 and 10) 19.7 
percent; Lee County, Reynolds 
Township (eollections South 2 
through 10) 30.4 percent and Viola 
Township (collection South 11) 29.7 
percent; Ogle County, Dement 
Township (collections East 2, 4 and 
5) 19.5 percent, Flagg Township 
(collections North 1 and 3, South 1 
and West 1, 4 and 5) 18.2 percent, 
Lafayette Township (West 6 
through 10) 16.7 percent, and White 
Rock Township (North 4 through 
9 and East 1) 12.8 percent. 


The 1949 survey in northeastern 
counties apparently reached the 
limits of Lydella dispersion in that 
area since it was not taken in some 
of the De Kalb, Kane, and McHenry 
County samples (table 6). It was 
recovered in all the Boone and Du 
Page County samples in the north- 
east and also in the east-northeastern 
counties including Cook, Kankakee, 
and Will. 

In northwestern Illinois, one town- 
ship sample from the 29 townships 
surveyed in 1948 failed to produce 
Lydella and one failed among 24 
township samples taken in .1949, as 
shown in table 7. Percentages of 
borers parasitized in each county 
showed considerable variation be- 
tween the two years, but the average 
parasitization of all borers taken in 
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TABLE 6.—PARASITIZATION OF HIBERNATING EUROPEAN CoRN Borek LARVAE BY 
Lydella stabulans grisescens In Two AREAS OF ILLINOIS IN 1949 


















































Number of borers 
Percentage 
parasitized 
Area and County Township Observed | Parasitized 
Northeastern 
MN Ss iis wild awcs BER o Belvidere.......... 40 6 
PN Sc ca ae 34 7 
Manchester........ 42 13 
CARS SOUND igs 67 sad Coe dsc hin 116 26 | 22.4 
ts Mal ss, cca NES 7 24 0 | 
MM es beck was 32 8 | 
Sycamore.......... 14 0 | 
Cotas tall. 2s ek eos. | 70 | 8 | 11.4 
a Wine. 3. 32s Bloomingdale. ..... 4 3 | 
MR es cs ge acess 38 3 | 
ae re a 32 8 | 
County total... «........., ERS Fae 74 14 | 18.9 
REPRE ITS yee Campton.......... 23 ] 
«RS aes 11 0 
PUD GSie swe wataki 4 0 
Sugar Grove....... 9 0 | 
RN GR ein kas be eae 50's Ps 47 SAEs 1 | 2.1 
Eee OS ee 45 1 | 
tS SN rere ree 31 0 | 
WOU Svc cos iss 19 0 | 
AL NEES rat Rees Rt 95 1 1.1 
——————o——— | — —SEE ee at —= SSS 
pe Se Ea aS See 402 50 | 12.4 
Eastern Northeast.... 
Meo ys io ky Seg Dee Thornton... . 2.6.5; 30 3 10.0 
MMMEAKOO. 3. 6.5 64S L es Kankakee. ........ 39 5 
Manteno.......... 29 12 
eS eae 7 2 | 
Cty WARE oe oa cee ie 75 19 25.3 
co) RITA Pe creas RS 5:5 Saheadin'e 8's 29 5 | 
PUN 5 saris 8 as 37 9 
Wc) 3 ae eee aes 37 4 
Comb GM ib lik BES Sa ts 103 18 17.5 
He ne Ca eee Rem Bae 28{ — 40| 19.2 
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TABLE 7.—PARASITIZATION OF HIBERNATING EUROPEAN CORN BoRER LARVAE BY 
Lydella stabulans grisescens In NORTHWESTERN ILLINOIS IN 1948 AND 1949 









































Number of Number of Percent 
townships sampled| borers observed parasitized 
County a 

1948 1949 1948 1949 1948 1949 

bs ERE Peg eretan gr 0 ~ eee Pas ey We. Hees leas 55.6 
Ea es 0 4 ee PR 3 3 69 93 29.0 35.5 
OE Riera anne aan eee Rate 3 3! 49 70 18.4 41.4 
BOO eee vad So cae eas eee 4! 3 87 80 17.2 22.5 
OM ho AN Sie vee cs sta as Hs 9 4 223 185 35.0 14.6 
CRORE CRION «Soo sk oo e ues 4 3 48 50 43.8 26.0 
RMON 5 Eivalececpauces 3 3 60 55 15.0 21.8 
WIND 6 osc os Sas aos 3 | 3 75 98 37.3 37.8 
Total or average.......... 29 | 24 | 611 658 28.5 31.9 

1No Lydella was taken from one collection in this county. 


the two years was about the same. 
The 28 percent shown in 1949 is the 
same as the maximum reported by 
Thompson and Parker (18) for Ly- 
della in Europe, and it was higher 
than the average (20.6 percent) for 
this species in the seven years, 1943- 
49, in a study area in New Jersey, 
where the parasite was obtained for 
release in Illinois. 

The known distribution of Lydella 
in Illinois is shown in figure 2. 


Chelonus annulipes Wesm. 


This braconid was released in 
three Illinois localities (table 8), in- 
cluding a group release made in 
Bruce Township, LaSalle County in 
1950, using the technique described 
by Baker et al. (7). 

The results from the 1950 release 
will be known when the 1950 collee- 
tions have been processed. Chelonus 


annulipes was recovered in 1944 at + 
the Rock Island County site, but no . 
later recovery resulted from annual 
collections taken there. There is no 
evidence that Chelonus is established 
in Illinois. 


KEY ining ace 
a | @ 
RELEASE sitet coe 4 iis * 
A-RECOVERED ‘\o_ = £ge8e0 
SURVEY POINT ee | 





Fic. 2.—Localities in northern Illinois 
where Lydella stabulans grisescens was 
taken and the location of collections 
from which it was not reared in 1949. 
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TABLE 8.—NuUMBERS OF Chelonus annulipes RELEASED IN ILLINOIS 
BeroreE DeceMBER 31, 1950 



































Township 1945 1946 1950 Total 
eae 488 296 0 784 
AP OTE 0 0| 2,974 2,974 
Black Hawk....... 0 0 0 597 
eRe ca cvees 488 296 | 2,974| 4,355 
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TABLE 9.—NUMBERS OF Macrocentrus gifuensis RELEASES IN ILLINOIS 



































Township 1945 1946 Total! 
Belvidere.......... 1,840 | 1,469 0 5,342 
Princeton 0 1,880 0 3,774 

Paras ois 1,961 1,874 0 7,561 
Martinsville~...... 0 0 0 1,894 
| Aes 1,870 | 1,590 0 5,525 
Prairie®............ 0 0| 3,839} 22,777 
Campton.......... 1,790 1,619 0 5,435 
Se eee 2,930 0 0 2,930 
oe aera 3,826 1,885 0 11,407 
(| a eae ‘ ,850 | 3,400 0| 25,118 
ee 0 1 ,652 0 1,652 
Dwight........... 1,785 | +,842 0| 5,464 
West Lincoln. ..... 1,840 | 1,890 0 5,696 
Collinsville. ....... 0 0| 7,643 7,643 
Edwardsville....... 0 0| 1,958 1,958 
Fort Russell. ...... 0 0| 3,920 3,920 
| SE ae 0 0| 1,884 1,884 
RR aes 0a 3s 0s 1,815 1,764 0 7,296 
ere 950 |} 1,922 0 4,781 
Black Hawk....... 0} 1,642; 1,918 3,560 
Ma ok 'c cae 0 0 1,935 1,935 
Centerville........ 0 0| 1,700 1,700 
Engelmann........ 0 0| 1,569 1,569 
Mascoutah........ 0 0} 1,747 1,747 
Prairie du Long... . 0 0| 3,744 3,744 
Shiloh Valley. ..... 0 0| 1,766 1,766 
Smithton.......... 0 0| 1,844 1,844 
Silver Creek....... 1,880 | 1,599 0 7,506 
Dt es cknsies 1,983 | 5,296 0} 14,971 
rere 1,915 | 1,689 0 5,279 
ee 1,800 | 1,883 0 5,689 
Pebeie ie Chee cues 30,035 | 34,896 | 35,467 | 183,367 











! Totals in this column include the numbers given in footnotes of this table. 
2In 1948, 18,938 adults were released here. 
*In 1948, 1,944 adults were released here. 
*In 1949, 17,815 adults were released here. 
5 In 1942, 1,895 adults were released here, and 1,885 in 1943. 
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Macrocentrus gifuensis Ashm. 


This braconid was released in 
greater numbers and more exten- 
sively than any other species (183,- 
367 adults). The release points in- 
eluding 31 localities in 20 counties 
are given in table 9. 

Collections were not taken in all 
localities to determine the parasjte’s 
status after the releases were made, 
but many have been taken and from 
them only two recoveries resulted. 
They were in Silver Creek Town- 
ship, Stephenson County, in 1946, 
where it was not taken from 1947 
and 1948 collections, and in Bruce 
Township, LaSalle County, where it 
was taken in 1949 following a release 
that year. A test of its survival at 
Bruce will come from the 1950 col- 
lections taken at that site, but to 
date there is no evidence that the 
species has survived in Illinois be- 
yond the year of release. 


Horogenes punctorius (Roman) 


This ichneumonid was released in 
six sites as shown in table 10 and the 
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total number of adults was 5,273. 
All of them, except the 491 released 
in LaSalle County, came from East- 
ern states areas, principally from 
East Hartford, Connecticut. Those 
released in LaSalle came from the 
Cattaraugus Indian Reservation, 
New York, and they were used be- 
cause it was thought that the Horo- 
genes from that locality might be 
better adapted to midwestern envi- 
ronments than those from near the 
Atlantic sea coast. 

No advantage was demonstrated 
for Illinois conditions by the western 
New York form over that from 
coastal areas. Three recoveries were 
made in the state, two where eastern 
Horogenes were released in Rock 
Island County in 1945 and in Ver- 
milion County in 1946 and the third 
in LaSalle County in 1947 when the 
New York adults were released 
there. Collections were taken an-, 
nually after these recoveries were 
made at each one of the three sitess 
and no Horogenes was recovered, 
indicating that there was no survival 
after the year of release. 


TABLE 10.—NumbBeks or Horogenes punctorius RELEASES IN ILLINOIS 


BeroreE DECEMBER 31, 1950 











County Township | 

; 

Kankakee.......... ee ANOS. cases. 
Ramee. i 65 5 58 ES ae 
SOM hoo 2. se West Lincoln...... | 
Rock Island........ Black Hawk....... | 
Vermilion.......... ON ES AG | 
Whiteside ........ MNO a oy. cis 5 5.0 | 
go) RRA ne | Emma ae ye Sale oe | 

| 








1944 1945 1946 1947 Total! 
409 o| 490 0 399 
0 0 o| 491 491 
0 0 o| 498 498 
o| 459 0 0 459 
427 o| 492 0| 2,007 
0| 472] 447 0 919 
~g36| 931 | 1,429| 989| 5,278 

















— 





! Totals in this column include the numbers given in footnotes to this table. 

*? The Horogenes punctorius released here were obtained from the Cattaraugus Indian Reservation, i 
western New York ; all others were from eastern states areas near the sea coast. 

In 1942, 594 adults were released here and 494 were released in 1943. 
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European Corn Borer 


TABLE 11.—ReEcovERIES OF Eulophus 
viridulus IN ILLINOIS. 








Per- 
centage 
County | Township Year of 
recovered | hosts 
para- 
sitized 
Bureau. . .|Fairfield... 1949 11.8 
Du Page. .|Lisle...... 1946* 
Jo Daviess| Not known 1948** 
Kane..... Campton. . 1946* 


Kankakee.|St. Anne. .|1946*, 1947) 0.5 


LaSalle. ..|Bruce..... 1947 1.1 
Livingston|Pontiac. . . 1946* 
Ogle...... Flagg..... 1949 0.1 
" Mt. Morris) 1946* | 
x Oregon... . 1947 0.6 
Warren. . .|Tompkins . 1947 2.3 
‘Woodford .|El Paso. . . 1946* 























* Percentage not known. 
** Overwintered pupae collected May 7, all others 
collected in the fall. 


Eulophus viridulus Thoms. 

Two releases of this eulophid were 
made in Illinois in 1946 when 982 
adults were released in West Lincoln 
Township, Logan County, and 1,979 
in Black Hawk Township, Rock 
Island County. 

As noted by Baker et al. (7) this 
Species is often recovered at con- 
siderable distances from the release 
site without concentrations building 
up near the site. Thirteen recoveries 
in ten Illinois counties have been 
recorded and none was made in 
either county where Eulophus was 
released (table 11). Percentages of 
the hosts parasitized? were based on 
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the number of parasites and hosts 
observed while the hibernating bor- 
ers were being collected for recovery 
records, but additional parasites 
were taken incidental to other work 
on the pest and in such cases per- 
centages were not determined. The 
records of recovery show a wide dis- 
tribution of Kulophus in the north- 
ern half of the state, but the per- 


centages of hosts parasitized was not 
high. 


NATIVE SPECIES OF PARASITES 

Three native species of parasites 
were reared from the European corn 
borer in Illinois, namely, two lar- 
vavorids, Aplomya caesar (Ald.) 
and Pyraustomyia penitalis (Coq.) 
and the ichneumonid Bassus agilis 
(Cress. ). 

Aplomya caesar was recovered in 
1944 at Grant Township, Vermilion 
County, where 1.7 percent of the 
European corn borers were para- 
sitized. 

Pyraustomyia penitalis was the 
species most often taken on the Euro- 
pean corn borer and their records 
are as follows: 


Per 

Township County Year cent 
FO PES EES Du Page .....1944 0.8 
PFO. sé 600. Hancock . 1948 1.6 
St. Anne ....: Kankakee ...1944 0.8 
1946 0.3 

oo. rer LaSalle ..... 1944 2.5 
Black Hawk..Rock Island. .1944 0.5 
1945 0.2 

1947 2.7 

Po re Rock Island. .1945 1.7 
Gee f elota ve Vermilion ...1942 0.3 
1944 0.7 

Lyndon ...... Whiteside ...1944 0.6 
1945 0.8 

1946 1,2 


Bassus agilis was recovered once, 
in Oregon Township, Ogle County, 
in 1947, when it killed 0.6 percent 
of the European corn borers ob- 
served. 
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There is no indication that any 
native species is becoming adapted 
to the European corn borer as a host 
in Illinois. 
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THE EFFECT OF 6 IRRADIATION ON THE 
RESPIRATION AND MORPHOLOGY OF MELANOPLUS 
DIFFERENTIALIS EMBRYOS 


THEODORE N. TAHMISIAN anp JEANNE GASVODA 
Argonne National Laboratory, Chicago 


Since the days of Flemming, it 
has been known that the chromatin 
ecmponent of the cell nucleus stains 
differentially during the various 
stages of mitosis. Foley (1) used a 
modification of Flemming’s triple 
stain and was able to promote con- 
sistent results in staining chromo- 
somes. This combination of safra- 
nine, gentian violet, and orange gold 
stains the chromatin of the resting 
nucleus blue; the spireme and chro- 
mosomes in prophase, blue; the chro- 
mosomes in metaphase, brilliant red ; 
and those in anaphase and telophase, 
purple. : 

The very fact that chromatin ma- 
terial stains differentially in these 
various stages suggests that we are 
not dealing with nucleic acids alone. 
If we are dealing with nucleic acids, 
the structural composition or the 
chemical affinity to the dyes changes 
during the process of cell division. 

In the literature (2-9) every stage 
of mitosis, as well as the resting cell 
itself, has been labeled the most sus- 
ceptible to ionizing radiations. This 
indicates that we cannot generalize 
the effects of irradiation on a given 
cell. Yet every cell, whether plant 
or animal, contains ribonucleic acid 
and desoxyribosenucleic acid. 

Considering these facts, it is hard 
to believe that effects produced by 
ionizing radiations are dependent 
only upon the nucleo-proteins. If 


this were true, the injury sustained 
by a cell would always be demonstra- 
ble at the same stage of mitotic ac- 
tivity. 

In a previous communication (10) 
we have shown that morphologically 
indistinguishable cells react differ- 
ently to a given dosage of radiation. 
Sparrow(11) has shown that there 
is a close correlation between the in- 
crement of desoxyribosenucleie acid 
content of spore chromosomes and 
the susceptibility to X irradiation. 
In a second communication(12) we 
have shown that pyknotic nuclei con- 
tain a large amount of desoxyribose- 
nucleic acid. The mitotic stages, as 
well as the resting cell, also contain 
the same acid but in larger amounts 
as the mitosis progresses. These re- 
sults were found through the use of 
Feulgen’s reaction. However, since 
Feulgen’s reaction is limited in spe- 
cificity to desoxyribosenucleie acid 
content, its use is inappropriate in 
determining any additional effects 
brought about by the irradiation of 
chromosomes. 

The present work was undertaken 
to determine the physical or chemi- 
eal changes in irradiated nuclei. 
Foley’s modification of Flemming’s 
triple stain was chosen because of 
its usefulness in differentiating be- 
tween the various stages of mitosis. 
This stain, unlike hematoxylin, is 
translucent, thereby permitting one 
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to study the internal structure of the 
chromosomes and observe effects 
other than those on desoxyribose- 
nucleic acid. 


MATERIAL AND METHODS 


Melanoplus differentialis eggs of 
known chronological and morpholo- 
gical age were used(13). Care in 
handling the material was strictly 
adhered to, as reported in a previous 
communication (10). The chronologi- 
cal and morphological age of the em- 
bryos was 10—16 days (predia- 
pause). They were kept at 25° + 
0.1° C, 

The sources of B radiation were 
P** and Sr**. The embryos were 
treated with carrier-free P** con- 
taining 2.33 pe per 0.1 ee. caleu- 
lated to give 3.1 r per hour, and 
exposed to the above source from 
21%4 to 24 hours. Those used for 
respiration studies were exposed to 
P* and Sr* solutions containing 
from 2.25 pe to 2930 ye for periods 
of 1 to 6 hours. Equivalent amounts 
of phosphate or strontium chloride 
were placed in the vessels containing 
the controls. 

In the respiration studies the eggs 
were irradiated in the Warburg ves- 
sels while respiration was being 
measured, or they were irradiated 
first, and then freed from irradiating 
material before measurement of res- 
piration. The irradiation was 
stopped by washing the eggs with 
0.1 N HCl and then with distilled 
water, followed by dechorionation 
of the outer egg shell with 2.5 per- 
cent NaOCl (14). After the removal 
of the chorion the eggs were washed 
with distilled water, with 10 percent 
citrie acid solution, and again with 
distilled water. Counts made with 
the aid of a methane Nucleometer 
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indicated no radioactivity present on 
the exterior or interior of the eggs 
after such treatment. This is evi- 
dence that the effects observed could 
be attributed exclusively to ionizing 
radiations and not to phosphorus or 
strontium. 

The embryos used for cytological 
studies were dissected out of the eggs 
in Belar solution and fixed individu- 
ally, immediately after removal from 
the egg, in Allen’s B-15 at 37° C. 
Dehydration of the embryos was 
done with the usual alcohol series. 
The embryos were cleared in aniline 
oil and embedded and sectioned in 
paraffin. The sections were cut at 
7 » and mounted serially on the 
slides. These were then hydrated, 
treated with 0.5 percent osmic acid 
for 1 hour, and stained with Flem- 
ming’s triple stain as modified by 
Foley (1). They were cleared in car- 
bolxylol and mounted in clarite. 
When necessary, stained slides were 
hydrated and placed in 50 ee of 
water containing 3 drops of 3 per- 
cent H,O, for 10 minutes. This pro- 
cedure completely bleached the os- 
mophilic material. A very small 
amount of the triple stain was affect- 
ed by this method. 

Cytological studies were made 
with the aid of an E. Leitz Ortholux 
microscope with an apochromatiec 
oil immersion lens of 1.32 N.A. 

A 35-mm micro-Ipso attachment 
with appropriate filters was used to 
obtain the photographs recorded in 
figures 1 through 9. 


RESULTS 


The grasshopper egg contains a 
yellow and a white cuticle which to- 
gether form an impervious barrier 
to many substances that are physio- 
logically toxic. For example, the em- 
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TABLE 1.—Q% Per Eaa Pek Hour WHILE BEING Exposep 


TO 8 RADIATION 




















From A P32 SouRCE 
Total r 
Age of pe PP Av. Q°2 Av. Q°2 Duration equiv. | No. | Irradiated 
eggs (per controls irradiated eggs of (during | of first 
(days of vessel) (cu mm /eggs/hr) (eu mm /eggs/hr) | experiment expt. exp. | then Q°2 
prediapause) (hrs) time) measured 
| SS ae 78.6 349 | .389 6 642.0 3 ea 
Sa 12.4 322 } .334 2 34.2 3 nate 
ERAS CREF ae 21.6 385 .382 2 59.0 4 ies 
is dhwohatntk 173.0 353 372 5 1215.0 3 shia 
dak os anes det 102.0 325 326 2% 347.5 3 seca 
BI i chosen iain 2.25 302 .370 3 9.2 6 PR aks 
Oe ice Ae sag bce 10.6 346 .358 2 29.2 3 . 298 
} 
Th ipinnbactlenen 10.2 423 426 2 28.0 3 | 257 




















bryo within the cuticle is unaffected 
by the following treatment: im- 
mersion of the eggs in 70 percent 
aleohol(15) for 1 hour; washing the 
eggs with 0.1 N HCl; and floating 
the eggs in saturated solutions of 
NaCl or Na,SO,. In addition, this 
cuticle prevents the entrance of 
Fadioactive elements even though the 
egg may be immersed in such solu- 
tion as P* or Sr*® as long as 24 
hours. 


The effect of B rays on respira- 
tion. — In the developing predia- 
pause grasshopper embryo, the oxy- 
gen uptake was somewhat affected 
while the egg was being irradiated. 
In most cases there was a slight in- 
crease in respiration though this in- 
crease was not significant (table 1). 
With very low dosages (2.25 pe per 
ec) the increase in respiration was 
greater (table 2). When the em- 
bryos were irradiated first and the 
oxygen uptake measured immedi- 


ately after irradiation, there was an 
inhibition of 10 to 35 percent (table 
3). Thus, while respiration increased 
when the eggs were being irradiated 
with dosages of low intensity, res- 
piration diminished when measured 
after irradiation. 

Barron and Goldinger(16) and 
Barron et al.(17) found that sul- 
fhydryl reagents, when used in low 
concentrations, cause an increase in 
oxygen uptake of sea urchin sperm. 
Barron et al.(18) found that nitro- 
gen mustards in low concentrations 
also cause an increase in oxygen up- 
take in Arbacia punctulata sperm. 
The effect of nitrogen mustards on 
gene mutations(19) and tissue re- 
sembles the effect of ionizing irradia- 
tions. It is possible that the increase 
of respiration observed when the 
eggs were irradiated with low dos- 
ages of 8 rays is similar to the effects 
observed by Barron and co-workers 
with low concentrations of -SH rea- 
gents. 
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TABLE 2.—HourLy ANpD CUMULATIVE RESPIRATION WuILE UNpbeR ACTIVE 
B IRRADIATION 
Age in Average Q°2 controls Average Q°2 irradiated eggs 
days of ue P**| Cumulative 
prediapause | Time (per dosage 
grasshopper | (hrs) jcu mm/egg/time cu mm /egg /time vessel) |(r equivalents) 
eggs indicated cu mm /egg /hr indicated cu mm /egg /hr 
OR ct Stine 1 .292 .292 .349 349 2.25 3.07 
2 .604 .302 .767 .383 2.25 6.14 
Re BRS Re oS ae eh Sek ee Se | 1.109 370 2.25 9.21 
Be ae cie: 1 .375 .375 | .378 .378 21.6 29.5 
2 769 385 .763 382 21.6 59.0 
gee oP aetge 1 .358 .358 | -406 -406 173 243 
2% .930 .372 | 1.002 .401 173 486 
3 1.090 363 | 1.168 .389 173 729 
4 1.406 .351 1,491 .373 173 1072 
5 1.766 .353 | 1.857 .371 173 1215 


























TABLE 3.—INHIBITION IN RESPIRATION OF GRASSHOPPER EMBRYOS FOLLOWING £8 
IRRADIATION WiTH Sr*®? Source, 70 wC/VESSEL (APPROXIMATELY 
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100 R GIVEN IN 1 Hr) 
Av. Q°2 Percent 
Age in Av. Q°2 inhibition 
days of Percent (cu mm/egg/hr Percent due to 
prediapause ecu mm /egg /hr cu mm /egg/hr jinhibition Srs? inhibition | radioactivity 
eggs controls (Sr** less SrClz) 
Madan Sgasoeccee .322 285 11.5 .242 2.9 13.4 
Wi ee ec claad 267 .228 14.6 .198 25.9 11.3 
RES Is ars .325 289 11.1 .196 39.7 28.6 
aiésldlessiandn 271 269 0.7 .173 36.2 35.5 
Re Re 326 308 5.5 206 33.4 27.9 
WS éeban anak < . 296 242 18.2 179 39.5 21.3 
_ PERS: Saree ae .198 196 1.0 .154 22.2 21.2 
NREL SA TRCIRT ER 274 4 .242 | 11.7 .214 21.9 10.2 
TABLE 4.—INHIBITION IN RESPIRATION OF GRASSHOPPER EMBRYOS FOLLOWING 
8 IrRapiation WitH Sr’? Source 2930 yC/vESSEL (APPROXIMATELY 70 
R GIVEN IN 1 MINUTE) 
Av. Q°2 Percent 
Age in Av. Q°2 inhibition 
days of Percent jcu mm/egg/hr Percent due to 
prediapause cu mm /egg /hr cu mm /egg/hr {inhibition Sr inhibition | radioactivit 
eggs controls SrCle (Sr* less SrCle) 
I RE eee 212 . 208 1.9 152 28.3 26.4 
Deittsiawagabewstie -209 271 9.36 .161 46.15 36.8 
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Fig. 1—Section of an 11-day prediapause embryo showing extensive 
damage. Total g irradiation, 8 r (2.33 uc P32/cc—2% hours). 
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Fic. 2—A. Normal early anaphase from 11-day prediapause grass- 
hopper embryo irradiated with 8 r (2.33 ye P82—2% hours). B. Normal 
metaphase, polar view, from 11-day prediapause embryo treated as in A. 
C. Late anaphase showing chromosomal break. Other specifications same 
as A. D. Differential effect of ionizing irradiations on sister nuclei. Cells 
showing relatively unaffected neuroblast above with pyknosis of the 
nucleus below; 16-day prediapause embryo, 76.8 r (2.33 ye P32—24 hours). 
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Morphological alterations pro- 
duced by B rays.—In figure 2A the 
extensive damage caused by 2.33 ye 
of P** in 21% hours is shown. 8 ir- 
radiation extended over this period 
is only 8 r equivalents; yet, the 
abundant pyknosis is evident. 

The normal anaphase and meta- 
phase chromosomes appear in figures 
2A and B, respectively. These photo- 
micrographs were made from irradi- 
ated material. While other nuclei 
in the same embryo were very pykno- 
tic, these were normal, indicating 
that the same dosage does not equal- 
ly affect all the nuclei in mitosis. 

In the same embryo we found in- 
jury as shown in figure 2D. In figure 
2C the cell is extremely elongated. 
The chromosomes stained red as if 
in metaphase. One pair of chromo- 
somes is broken so that each sister 
counterpart is equal in size. The ef- 
fect must have been caused either in 
F prophase or during metaphase while 
the chromosomes were in close prox- 
imity to each other. 

Figure 2D illustrates unequal di- 
vision resulting in two newly form- 
ing nuclei. In the lower half the 
chromatin is in a very pyknotie 
Stage, while in the upper half chro- 
mosomes in late telophase (which 
normally would be slightly clumped ) 
are segregated. In this cell the di- 
Vision was not complete, as the figure 
suggests. The apparent division line 
in the center was caused by focusing 
the microscope to the most optimal 
plane where both sides could be 
photographed. The interzonal fibers 
are present without any indication 
of astral fibers. In the upper half a 
vacuole appears, and the chromo- 
somes are separated into distinet 
groups. 
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Varying the exposure of the same 
negative produced figures 3A and B. 
In this cell all the chromosomes are 
abnormal. At the left the chromatin 
material forms two spheres, while 
at the right the chromosomes have 
formed a straight line by cohesion. 
These have a spindle about them 
which apparently is functionally in- 
effective. The spindle is displaced 
dextrad. In figure 3A the red-stain- 
ing pyknotic sphere has a blue-stain- 
ing erescent about it. 

Although most of the pyknotic 
chromosomes stained red, sometimes 
there appeared a blue-staining coun- 
terpart which invariably was sepa- 
rated from the red-staining portion. 
This suggests that in some instances 
there might be a reversion of a por- 
tion of chromatin material to the 
prophase component. 

Figure 3C shows a cell in which 
the chromatin is segregated into five 
groups. Peripherally the clumps 
stained red, while the centrally lo- 
cated sphere was blue. In figure 3D 
pyknotie nuclei of three cells stained 
red without any indication of a blue 
counterpart. 

Figures 4A and B are photomicro- 
graphs of the same cell showing the 
mode of chromosome division, as well 
as the astrosphere. The chromatin in 
this cell stained red and is pyknotic. 
The cell was undergoing division at 
the time of fixation. This shows that 
a pyknotic nucleus may divide and 
with it even the cell may divide; 
yet, there is a complete lack of inter- 
zonal fibers with no deleterious effect 
on the aster. 

Again in figures 4C and D there 
are two views of the same cell. In 
this case the effect was not only on 
the chromosomes, but also on the 
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Fic. 3—A and B. Cells showing partial pyknosis of chromatin with 
segregation of red and blue staining components. The crescent about the 
sphere stains blue. The spindle about the injured chromosomes is dis- 
placed to the right; 11-day prediapause embryo, 8 r (2.33 ye P32—2% 
hours). C. Cells showing pyknotic chromosome with segregation of blue 
and red staining chromatin material; 15-day prediapause embryo irradi- 
ated with 8 r (2.33 ye P52—2% hours). D. Three pyknotic nuclei without 
segregation. The damaged chromatin material stains red; 15-day pre- 
diapause embryo, 60.8 r (2.33 ye P32—19 hours). 
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Fic. 4—A and B. Cell showing pyknotic chromosome in telophase. 
Mitotic spindle unaffected. Cell division mechanism unaffected; 16-day 
prediapause embryo irradiated with 60.8 r (2.33 wc P32—19 hours). C and 
D. Cell showing injured chromosomes, partial pyknosis and cross-over. 
Osmophilic substance within the chromosome. Astrosphere is displaced 


90°. Cell division inhibited; 16-day prediapauge embryo, 8 r (2.33 yc 
Ps2—2\% hours). 
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Fic. 5.—A. Cells showing pyknotic nuclei, probably in late anaphase. 
Mitotic spindle destroyed. Cell not dividing; 15-day prediapause embryo, 
60.8 r (2.33 we P32—19 hours). B. Injury same as A; 16-day prediapause 
embryo, 8 r (2.33 we P82—2% hours). C. Cell showing chromatin ma- 
terial in prophase staining red due to damage. Extreme enlargement of 
chromosomes. Probable disorganization and incapacity to form the meta- 
phase plate; 15-day te ig embryo, 60.8 r (2.33 ye P32—19 hours). 
D. Cell showing chronfOsomes in prophase with injured telomeres of 
sister chromosomes; 16-day prediapause embryo, 60.8 r (2.33 ye P32—19 
hours). 
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astral system. There was a monaster, 
but it was functionally ineffective as 
the chromosomes were completely 
disoriented. The chromatin material 
stained red and within the chromo- 
somes an osmophilic substance was 
noticeable. 

The anastrous conditions are 
shown in figures 5A-D. In figures 
5A and B the pyknotic chromatin 
material is undergoing division, 
while in figure 5C the chromosome 
shows elongation or appears to have 
united to form a single large chromo- 
some. In figure 5D the chromosomes 
are distinct, but all the sister chromo- 
somes are united at one end or at 
the telomere(20). There is complete 
lack of orientation. These chromo- 
somes stained red. 

Figure 6A resembles figure 5C; 
there is an anastrous condition, but 
no apparent division of the cell. 

Anastrous division, as well as the 


_osmophilic substance, is shown in 


figure 6B. This indicates that tlie 
effect of irradiation can be on the 
chromosomes and on the mitotic 
spindle, but not on the process of 
cell division. Such a case was pro- 
duced experimentally by Fankhaus- 
er(21). He was able to remove the 
nucleus from the frog’s egg, which 
underwent division without benefit 
of the asier. In appearance the cell 
in figure 6B is very much like Fank- 
hauser’s drawing. 

Figure 6C resembles figure 2D ex- 
cept that the osmophilic material is 
more apparent. 

Figure 6C shows injury from B 
irradiation where the cell kept grow- 
ing without division and the pro- 
phase chromosomes kept elongating ; 
hence, the injury in this case appears 
to be on the size-regulating mechan- 
ism. 
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Figures 7, 8, and 9 were included 
to show the extent of the osmophilic 
substance associated with the chro- 
matin material and the mechanism 
of pyknosis. 

Figure 7A appears to include a 
metaphase equatorial plate that has 
become pyknotic. There is evidence 


that associated with each chromo- 
some is an osmophilic substance 


caused by irradiation. 

The extent of damage to the chro- 
mosomes is seen in figure 7B, and 
again the osmophilic substance, ap- 
parently derived from individual 
chromosomes, shows up. This con- 
dition appears only in pyknotie chro- 
matin material or in chromosomes 
injured by 8 irradiation. H,O, will 
bleach it completely. 

A late stage of pyknosis, with 
small black spheres within the 
pyknotic red-staining chromatin ma- 
terial, can be seen in figure 7C. This 
seems to be the outcome of unequal 
division of the chromatin substance. 

Figure 7D contains a cell with a 
pyknotie nucleus. The red-staining 
portion contains the osmophilice sub- 
stance, while the blue-staining por- 
tion shows no traces of it. Figure 
8A shows a pyknotic nucleus in 
which a large amount of osmophilic 
substance is present. A lagging chro- 
mosome shows this black substance 
in the core of the chromosome. 

Modes of pyknosis, as well as the 
appearance of the osmophilic sub- 
stance, are shown in figures 8B and 
C€. In figure 8D the osmophilie sub- 
stance is like a spiral throughout the 
red-staining chromatin. Usually in 
a pyknotie nucleus that has become 
spherical, the osmophilic mass is in 
the form of small spherules, as shown 
in figures 9A-D. The light spots in 
the dark-stained portion are caused 
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Fie. 6—A. Cell showing injury to chromosomes and the mitotic 
spindle as well as the capacity of the cell to divide; 16-day prediapause 
embryo, 8 r (2.33 yc P32—2% hours). B. Cell showing anastrous division 
of pyknotic chromosome containing osmophilic substance. Other specifi- 
cations same as A. C. Injury to nuclei as shown in figure 2D, except that 
this is an li-day prediapause embryo, 8 r (2.33 ye P82—2% hours). 
D. Cell showing prophase chromosomes extremely elongated, probably 
fusion of telomeres between 2 pairs of sister chromosomes; 11-day pre- 
diapause embryo, 8 r (2.33 we P%-—2% hours). 
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Fic. 7.—From 16-day prediapause embryos irradiated with 76.8 r (2.33 
ye P32—24 hours). Photomicrographs indicate mode of pyknosis and associ- 


ation of pyknotic material with chromosomes. Since the pyknotic ma- 


terial is associated with the red staining counterpart, none is found in 
the blue segregate as shown in D. 
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Fic. 8.—Mechanics of pyknosis and association of osmophilic material wou 
2 chromosomes; 15-day prediapause embryos, 60.8 r (2.33 ye P32:— 4). 
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by light refraction when the objec- 
tive of the microscope is focused be- 
low the equatorial plane of the 
spherule. This demonstrates a vacu- 
ous spot caused by refraction about 
an opaque object. 

When X- and v-irradiated mate- 
rials were studied, there was no 
treatment with osmic acid. However, 
the very light portions seen in. the 
pyknotie nuclei when the Feulgen 
reaction was used might well be 
osmophilic components caused by ir- 
radiation. 


DISCUSSION 


The increase in respiration ob- 
served when the eggs of grasshop- 
pers were being irradiated with low 
dosages of 8B rays (table 1) closely 
resembles the experiments of ‘Barron 
and co-workers on the effect of low 
concentrations of sulfhydryl re- 
agents. Sulfhydryl reagents, which 
_in high concentrations inhibit respi- 
ration by inhibition of sulfhydryl 
enzymes, were found to increase res- 
piration when their concentration 
was sufficiently diminished. Barron 
explained these opposing effects by 
assuming that there are in the cells 
two kinds of sulfhydryl groups: (1) 
soluble sulfhydryl groups distribut- 
ed throughout the cells, which act as 
one of the regulating mechanisms 
of cell respiration, and (2) fixed sul- 
fhydryl groups present in the pro- 
tein moiety of enzymes. Abolition 
of the first would increase respira- 
tion, while abolition of the second 
would inhibit it (tables 1, 2, 3, and 
4). Perhaps when the cells were be- 
ing irradiated with low dosages of 8 
rays, there was oxidation of the solu- 
ble sulfhydryl enzymes with subse- 
quent rupture of the regulation of 


respiration, a phenomenon similar to 
the increase in respiration observed 
by Barron et al.(17) on addition of 
small amounts of iodosobenzoiec acid 
(an oxidizing agent) to sea urchin 
sperm. The inhibition of respiration 
observed when measurements were 
made after irradiation is difficult to 
explain. 

The Feulgen reaction has been a 
very useful tool in discerning the 
building blocks of chromosomes but, 
unfortunately, the structure formed 
by these blocks is as obscure today 
as it has been in the past. The de- 
soxyribosenucleic acid is associated 
with histones and protamines(22). 
Yet when we test for the nucleic 
acid we are not dealing with the 
original nucleoprotein complex—we 
are dealing with the hydrolytic prod- 
ucts of the nucleoprotein. Even the 
desoxyribosenucleie acid itself must 
be hydrolyzed before any reaction is 
obtained. Undoubtedly desoxyribose- 
nucleic acid is present in all the mi- 
totic stages regardless of what the 
new structure happens to be. Hence, 
in every stage of mitosis we obtain 
a test for desoxyribosenucleiec acid. 
However, there are investigators who 
maintain that,the only test for the 
presence of desoxyribosenucleic acid 
is the treatment of the alcohol-fixed 
material with thymonucleodepoly- 
merase, after which treatment Feul- 
gen’s reaction does not take 
place (23). 

For this study we chose Flem- 
ming’s triple stain because it opens 
a new mode of attack on irradiation 
problems. Even though fixation 
alters the original structure of the 
cell constituents, irradiation causes 
permanent changes that are demon- 
strated with the use of this stain. 
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Fic. 9.—Osmophilic substance within completely pyknotic nuclei 
from embryos irradiated with 8 r and 60.8 r. 
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We have already mentioned that 
normally the stages of mitosis dem- 
onstrate a differential affinity to 
these dyes, which indicates the nor- 
mal structural changes of chromo- 
somes. £8 irradiation altered the 
structure so that injured chromo- 
somes and pyknotie nuclei always 
stained as if the chromosomes were 
in the metaphase state. 


Evidence has been found that sis- 
ter cells in the same morphological 
stage are affected differently with a 
given dosage of £8 irradiation (see 
figures 2D and 6C). These cells that 
are being formed are undergoing 
primary differentiation. The larger 
cell above is a neuroblast formed by 
delamination from the ventral ecto- 
derm(25). The tissue into_ which 


each has differentiated can be an at- 
tribute of the specific gene introduc- 


ing its potency in one cell while this 
attribute of the sister gene in the 
other cell is repressed. In order to 
enter primary differentiation the ef- 
fect must be on the whole cell. The 
whole cell, owing to this differentia- 
tion and irrespective of the mitotic 
state, has become more susceptible to 
the ionizing irradiation. Injury in 
these cells is probably sustained by 
both sister cells, but the degree of 
injury is different; one may recover 
while the other will become pyknotiec. 


Figures 4C and D (different views 
of the same cell) show that injury 
was sustained not only by the chro- 
mosomes but by the mitotic spindle 
as well. In this cell the spindle is 
displaced 90° so that one aster is 
below the chromosomal mass. In 
a previous communication(11) we 
found that the effects of irradiation 
of the magnitude used here are com- 
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pletely reversible, or else the injured 
portion is phagocytized (20). 

Division of pyknotie chromatin 
material as seen in figures 4A and B 
can hardly be equal in each sister 
cell. If the chromatin material were 
to rearrange itself later, the gene 
components on each side would be 
different. This might cause a lethal 
effect in one or both, not because of 
gene injury, but because of lack of 
the gene due to unequal chromoso- 
mal division. 

In this series of irradiated em- 
bryos we have noticed a new phe- 
nomenon because the translucent 
condition obtained in chromosomes 
by the use of Flemming’s triple 
stain made it possible to examine 
the interior of these structures. 
Wherever there is a pyknotie nucleus 
or an injured chromosome there is 
usually some black-staining material 
within the chromatin which is ap- 
parently an osmophilic substance. 
With increased dosages of radiation 
more of these black spheres appear. 
Since the procedure in fixation nec- 
essitated treatment with osmiec acid, 
we bleached some of the prepared 
slides in H,O, and found that the 
black-appearing spheres and gran- 
ules disappeared. Soaking the slides 
in benzene or toluene overnight did 
not bleach out this black material. 
This artifact, whatever it is, is due 
to irradiation. We want to carry 
out further experiments before mak- 
ing more definite statements concern- 
ing this finding, but we are con- 
vinced that this material is derived 
from individual chromosomes since 
not one normal-appearing chromo- 
some contained the black material. 
Osmie acid stains the unsaturated 
fatty acids and fat soluble materials. 
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The presence of this material may 
be caused by dehydrogenation of 
saturated fatty acids by ionizing 
irradiations. 

Pyknosis of chromosomes pro- 
duced by ionizing radiations may be 
due to the following injuries: (1) to 
the structure of the chromosomes, 
(2) to the mechanies of cell division, 
(3) to the mechanies of cell division 
and the chromosomes, (4) to the gene 
or telomere, (5) to the nucleus be- 
cause of the lack of a gene, and (6) 
to the cell, owing to the differentia- 
tion of the cell caused by the unfold- 
ing of a gene. 


SUMMARY 


Low dosages of B radiation pro- 
duced extensive damage in the em- 
bryonic cells of grasshoppers. The 
respiration of grasshopper embryos 
was increased during irradiation; 
immediately after irradiation there 
was inhibition. By the use of Flem- 
ming’s triple stain it was shown that 
8 irradiation caused pyknotic chro- 
matin to remain as if it were in the 
metaphase condition. There is evi- 
dence that injury sustained by the 
chromosomes may be direct and in- 
direct. 8 irradiation caused the ap- 
pearance of some osmophilic mate- 
rial associated with the chromo- 
somes. The nature of this material 
is as yet unknown. 
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THE RISE AND FALL OF IMMUNITY TO TRICHINELLA 
SPIRALIS IN THE ALBINO RAT AND ITS EFFECTS 
ON GROWTH AND REPRODUCTION OF 
THE PARASITE 


JOSEPH E. SEMRAD anv M. JOGUES COORS (S Sp 8) 
De Paul University, Chicago 


Immunity acquired against 
Trichinella spiralis through recovery 
from a previous infection in experi- 
mental animals has been demon- 
strated by Ducas (1921), McCoy 
(1931-1932), Bachman and Oliver- 
Gonzalez (1936), Roth (1939), 
Fischthal (1943), and others. These 
reports show that many of the larvae 
are eliminated before reaching ma- 
turity and that fewer larvae of the 
next generation reach the muscles 
iy immune animals than in the ani- 
nials which were not previously ini- 
munized. Fischthal (1943) shows 
that little or no immunity is pro- 
duced in the rat within seven days 
after feeding the Trichinellae larvae. 
Rappaport and Wells (1949) were 
unable to show any reduction in the 
adult worm yield in mice reinfected 
ten days after the initial infection; 
however, after thirty-five days and 
one hundred days the yield of adult 
worms was lower, and adults of both 
male and female were smaller than 
those in the control mice. 


It is apparent that the immunity 
produced is effective against the in- 
testinal phase of the parasite. This 
Study was conducted to determine 
the effects of the immunity upon the 
size and the reproductive powers of 
the female Trichinella spiralis. 


METHODS 


Three groups of six rats each were 
fed one gram of muscle heavily in- 
fested with Trichinella spiralis. The 
muscle was previously examined mi- 
croscopically to ascertain the degree 
of infestation and to assure that all 
rats were receiving approximately 
the same number of T'richinellae lar- 
vae. The animals of each group were 
given a challenging dose of larvae 
(two grams of muscle each) at 
twenty days, thirty days, and fifty- 
four days, respectively, after the 
initial infection. A fourth group was 
given a similar dose, and served as 
the control group. 

Two rats from each group were 
sacrificed two days, five days, and 
seven days, respectively, following 
the challenging dose. The adult fe- 
males were removed from the intes- 
tine and counter-stained whole 
mounts were made. Each female was 
measured with the aid of an oceular 
micrometer. The eggs and larvae 
within the uterus of the females were 
counted by optical sectioning. 

The albino rats, used in this study, 
were of both sexes and were three 
months old at the start of the experi- 
ment. 

RESULTS 

A comparison of adult T'richinel- 

lac, recovered from reinfected and 
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Fig. 1—Two-day-old worms recovered 
from the intestines of controls 
and immune albino rats. 


control rats, demonstrates that the 
immunity produced is effective 
against the intestinal phase. 

Figures 1, 2, and 3 show the 
lengths of the female worms removed 
two, five, and seven days, respective- 
ly, after the challenging dose had 
been administered. Two-day-old 
worms (fig. 1) removed from rats 
immunized for twenty days averaged 
0.95 mm; those from animals immu- 
nized for thirty days averaged 0.97 
mm; those from animals immunized 
for fifty-four days averaged 1.32 
mm; and those from the controls 
averaged 1.42 mm. Five-day-old 
worms (fig. 2) removed from rats 
immunized for twenty days aver- 
aged 1.16 mm; those from animals 
immunized for thirty days averaged 
1.34 mm; those from animals im- 
munized for fifty-four days averaged 
1.44 mm; and those from controls 
averaged 1.68 mm. Seven-day-old 
worms (fig. 3) removed from rats 
immunized for twenty days aver- 
aged 1.35 mm; those from animals 
immunized for thirty days averaged 
1.67 mm; those from animals im- 
munized for fifty-four days aver- 
aged 1.66 mm; and those from the 
control averaged 1.9 mm. 
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Fig. 2.—Five-day-old worms recovered 
from intestines of controls and 
immune albino rats. 
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Fig. 3.—Seven-day-old worms recovered 
from intestines of controls and 
immune albino rats. 


Figures 4, 5, and 6 show the num- 
ber of eggs and larvae within the 
uterus of the female worms, removed 
two, five, and seven days, respective- 
ly, after the challenging dose had 
been administered. In the two-day- 
old worms (fig. 4) removed from 
rats immunized for twenty days, the 
range of the egg-larvae count was 
40 to 100 with an average of 65; 
from animals immunized for thirty 
days, the range was 48 to 110 with 
an average of 76; from animals im- 
munized for fifty-four days, the 
range was 62 to 115 with an average 
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Fig. 4.—Two-day-old worms recovered 
from intestines of controls and 
immune albino rats. 


n 
~ 
uo 


nN 
a 
°o 


~ 
n 
ou 


200 


g 
z 
a 
a 
° 
2 
< 
0 
é 
w 
my 
° 
3 
2 


~“ 
On 





o §& 











20 
HOST IMMUNITY IN DAYS 


Fig. 5.—Five-day-old worms recovered 
from intestines of controls and 
immune albino rats. 


of 81; and from the control, the 
Tange was 75 to 125 with an average 
of 92. In the five-day-old worms 
(fig. 5) removed from rats immu- 
nized for twenty days the range of 
egg-larvae count was 52 to 90 with 
an average of 68; from animals im- 
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munized for thirty days the range 
was 69 to 140 with an average of 
112; from animals immunized for 
fifty-four days the range was 108 to 
177 with an average of 148; from the 
controls the range was 75 to 275 with 
an average of 175. In the seven-day- 
old worms (fig. 6) removed from 
rats immunized for twenty days, the 
range of egg-larvae count was 38 to 
193 with an average of 115; from 
animals immunized for thirty days, 
the range was 55 to 243 with an 
average of 149; from animals immu- 
nized for fifty-four days, the range 
was 51 to 225 with an average of 
138; from the control, the range was 
110 to 285 with an average of 199. 


DISCUSSION 


McCoy (1931) was able to demon- 
strate in rats, following infection 
with Trichinella spiralis, a marked 
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Fig. 6.—Seven-day-old worms recovered 
from intestines of controls and 
immune albino rats. 
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Fig. 7—Average lengths of worms which 
were two, five, and seven days 
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Fig. 8—Average number of eggs and lar- 
vae in the uterus of female 
worms, two, five, and seven days 
of age. 


immunity to subsequent infection of 
the parasite. His animals were able 
to withstand twice the lethal dose for 
noninfected control animals. McCoy 
(1940) found a rapid loss of larvae 
from the intestines of immune rats 
a few hours after feeding, and con- 
cluded that the resistance is chiefly 
mechanical or allergic in that the 
sensitized mucosa in immune ani- 
mals secretes an increased amount of 
mucus, which with peristalsis effects 
rapid expulsion of the helminths. 


Chandler (1939) maintains that the 
Trichinellae induces within the host 
two distinct phases of immunity; 
namely, (1) a relatively weak gen- 
eral parenteral immunity, and (2) 
a relatively strong local intestinal 
immunity. Taliaferro (1940) holds 
that antibodies are involved in the 
local intestinal phase of reaction 
against the adult helminths. 


In this work no attempt was made 
to study the rate and magnitude 
of the expulsion of the Trichinellae 
from the intestine, as so many of the 
workers have coneurred with McCoy. 
The purpose of this investigation 
was to study the effects of immunity 
upon growth and reproductive 
powers of the female Trichinella 
spiralis. In this study, one group of 
animals was given a challenging dose 
of larvae twenty days after infec- 
tion, as this is the approximate time 
when larvae are at their peak within 
the circulatory system; the second 
group was given a challenging dosé 
on the thirtieth day, as at this time 
muscle invasion has reached or 
passed its peak; and the third group 
was given the challenging dose on 
the fifty-fourth day, as at this time 
the capsule is well established. 


A study of figures 1, 2, 3, and 7, 
reveals the effects of immunity on 
growth of the female Trichinellae. 
In all three of the experimental 
groups the growth is very much in- 
hibited. The inhibition (fig. 7) is 
greatest in those animals which were 
immunized for twenty days and least 
in those immunized for fifty-four 
days. This indicates a marked rise 
in immunity up to twenty days, 
which is the time when the larvae of 
the next generation are in the migra- 
tory stage. Females removed from 
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animals immunized for thirty days 
are larger than those removed from 
animals immunized for twenty days. 
This would indicate a fall in immu- 
nity at the time muscle invasion is 
at its height. This fall in immunity 
continues, as is evidenced by the fact 
the females removed from animals 
immunized for fifty-four days are 
slightly larger than those developing 
in the thirty-day immunized ani- 
mals. However, the immunity still 
persists, since the worms are con- 
siderably smaller than those re- 
moved from animals which had not 
been previously immunized. The in- 
dication is that immunity continues 
to wane gradually for a period of 
time, which is in accord with Roth 
(1939) who demonstrated intestinal 
immunity in the guinea pig ~one and 
three fourth years after the first in- 
fection. 


A study of figures 4, 5, 6, and 8, 
feveals the effects of immunity on 
fhe reproductive powers of the fe- 
male Trichinella spiralis. In all three 
of the experimental groups, the pro- 
duction of eggs is very much inhibit- 
ed. The inhibition (fig. 8) is greatest 
in those animals which were immu- 
nized for twenty days and least in 
those immunized for fifty-four days. 
This also indicates a marked rise in 
immunity up to twenty days, which 
is the time when the larvae of the 
next generation are in the migratory 
stage. There was a greater number 
of egg-larvae in females removed 
from animals immunized for thirty 
days than in those removed from ani- 
mals immunized for twenty days. 
This likewise indicates a fall in im- 
munity at the time muscle invasion 
is at its height. The fall of immunity 
continues as is evidenced by the fact 
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that the females removed from ani- 
mals immunized for fifty-four days 
contained a greater number of eggs 
and larvae than those developing in 
the thirty-day immunized animals. 
Furthermore, figure 8 shows that the 
immunity still persists, since the egg- 
larvae count is much smaller than 
in those females removed from ani- 
mals which had not been previously 
immunized, but it continues to wane 
gradually. 

The works of Fischthal (1943) 
and Rappaport and Wells (1949) 
demonstrate little or no immunity 
produced within seven to ten days 
following the initial feeding. How- 
ever, Fischthal (1943) showed that 
a small dose of Trichinellae larvae 
is capable of producing immunity 
and that a period of approximately 
fourteen days is adequate to develop 
this immunity. It should be em- 
phasized that the larvae are now in 
the migratory stage. It is the opinion 
of the writers that these results fur- 
ther substantiate the work of Talia- 
ferro (1940) that antibodies are in- 
volved in the local intestinal phase 
of reaction against adult Trichinella 
spiralis. 

SUMMARY 

1. Trichinella spiralis develop- 
ing to maturity in the intestinal 
tract of the albino rat stimulates a 
persistent partial immunity which 
rises rapidly and then falls to a 
lower degree of effectiveness. 

2. The degree of immunity or 
resistance to the parasite was deter- 
mined by studying its effects upon 
growth and reproductive powers of 
the female Trichinella spiralis. 

3. Adult female Trichinellae re- 
covered from the intestines of im- 
mune rats are significantly smaller 
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than those taken from the intestinal 
tract of rats not previously immu- 
nized. 

4. Females developing in im- 
mune rats contained fewer eggs and 
larvae in the uterus than those de- 
veloping in the controls. 

5. It was demonstrated that the 
immune mechanism in the host has 
an inhibiting effect upon the physio- 
logieal activities which influence 
growth and reproduction. 

6. The immunity is greatest dur- 
ing the migratory stage of the 
Trichinellae larvae, and declines 
when muscle invasion is at its height. 

7. Immunity still persists at 
fifty-four days after the initial in- 
fection, but is gradually declining. 
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COLLEGIATE 


FISHING COMMERCIALLY FOR THE NEMATOGNATHI 
SILURIDAE 


BARBARA J. anp THOMAS R. HENSLEY 
Illinois Wesleyan University, Bloomington 


During the past four summers the 
authors have worked in one of our 
most interesting industries, commer- 
cial fishing on the inland waters. 
The area fished was that section of 
the Mississippi River that flows be- 
tween Nauvoo, Illinois, and Keokuk, 
Iowa. 

A great variety of equipment is 
used in the fishing industry. The 
most common devices are jump lines 


‘or trot lines, tight lines, trammel 


nets, seines, hoop nets, and basket 
traps. These are designed to catch 
catfish, and very few fish other than 
catfish are caught in them. 

The basket trap is a cylinder made 
of wooden slats held together by 
round wooden hoops. The traps vary 
from 41% to 6 feet in length and from 
12 to 18 inches in diameter. The 
number of slats and hoops varies 
with the size of the trap. The slats 
are left about 14 inch apart so that 
the water may flow into and out of 
the trap. A gate composed of two 
to four short slats is placed at the 
back of the trap. This is used to 
gain access to the interior of the 
trap. The back end of the trap is 
also covered with slats which are 114 
inches apart. This is in accordance 
with the state fishing laws. 

In the front of the trap two fun- 
nel-like ‘‘throats’’ are placed. The 


throat is composed of a number of 
triangular slats that have been 
shaved or sanded so that they are 
flexible. The first set is composed of 
short stiff fingers with a fairly large 
opening. The second set consists of 
lenger, more limber fingers making 
a small opening. A rope and an 
anchor are attached to the back of 
the trap. The length of the rope 
varies with the depth of water in 
which the trap is to be set. Any- 
where from fifty to one hundred feet 
of rope are used. 

The trap is baited with cheese 
scraps. About eight to ten pounds 
are placed in each trap. The trap is 
set in the river at any desired place 
parallel to the current. It is left 
from two to ten days depending 
upon the weather and then lifted. 
The fish are removed, the trap 
washed, rebaited, and set again. If 
the trap doesn’t catch fish at the 
place where it has been set it is 
moved to another location. 

The hoop net resembles the trap 
in its basie structure. It is a eyl- 
inder of netting hung on steel or 
wooden hoops. They are larger than 
basket traps, varying in length from 
eight to twelve feet and in diameter 
from two to five feet. Also they have 
no gate and must have a rope at- 
tached to each end. The back rope 
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TABLE 1. 








Lbs. of Fish 





25 
105 

89 
158 
110 
135 
170 
130 
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160 
160 
86 
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is attached to an anchor, the front 
rope to a small weight which keeps 
the front part of the net upright. 
Nets are usually not baited when 
they are used to catch catfish. 

Fish form definite habits. The bed 
of the river is cut up into gullies, 
bars, and holes and presents a rough 
and rugged pattern. The fish move 
up and down these gullies, hang 
around the bars, lie in the holes, and 
do many predictable things. A fish- 
erman in setting his traps must know 
what the river bottom is like. To 
know this he takes soundings with 
a pole or rope and weight. When he 
finds a gully or hole he sets his trap 





in it. We have found this to be a 
fairly good practice. The fish in 
moving through these gullies find the 
trap more easily and larger catches 
are made. Random sowing of traps 
will not produce as good a result. 
During the time we have been en- 
gaged in commercial fishing we have 
formulated a theory correlating the 
amount of fish caught with the 
weather conditions. The theory is 
that during the warmer, wetter peri- 
ods the fishing is better than during 
the cooler, dryer periods. The data 
supporting this theory is shown in 
tables 1 and 2. Column one gives 
the date; column two the amount of 





Fishing Commercially 


TABLE 2. 
SEPTEMBER 








| Lbs. of Fish 


| 
High Low | Average | Ppt. 
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75 

63 
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65 
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71 
71 
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63 
64 
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57 
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63 
64 
63 
55 
51 
51 
54 
57 
57 
62 
68 
67 
60 
54 








fish caught at each lifting; columns 
three, four, and five give the highest, 
lowest, and average temperature for 
each day; and column six gives the 
amount of precipitation for each 
day. Tables 1 and 2 explain fishing 
results for two representative 
months, July and September. 

July was a wet and chilly month. 
The mean temperature was a full 
four degrees below normal and the 
rainfall was 1.99 inches above nor- 
mal. There were eleven rainy days, 
seven of these with thunderstorms. 

The last part of June was dry and 
fishing was poor for the first lifting 
in July. However, it rained the first 


three days of July and fishing picked 
up again. Fishing remained good 
throughout July with improvements 
noted a few days after each rain. 
The last lifting of the month fell off, 
probably because of lack of rain 
from the twentieth to the thirtieth, 
except for a small rain on the 
twenty-fifth which seemingly helped 
the fishing on the twenty-sixth. Dur- 
ing July the higher temperatures 
seemed to come at the times of bet- 
ter fishing, with some exceptions. 
September was a dry, cool month. 
The average temperature was a full 
degree below normal and the rainfall 
was 2.96 inches below normal. This 





262 


was in contrast to the rainfall of the 
preceding three months. There was 
rain or traces of rain on eleven days, 
of which four presented thunder- 
storms. 

There was a very definite correla- 
tion between the weather and fishing 
during September. There was a fair- 
ly heavy rain on the thirtieth of Au- 
gust and traces on the second and 
third of September. Consequently, 
fishing was good on September 
fourth. It was dry then until Sep- 
tember seventh, during which time 
the fishing fell off. However, with 
four days of rain from the eighth 
to the eleventh of this month fishing 
improved. Again there was no rain 
and fishing fell off. A good rain on 
the nineteenth and two showers after 
that improved fishing greatly on the 
twenty-third of September. The 
rest of the month was fairly dry and 
fishing again declined. The fishing 
again was better during the warm 
period and poorer during the cool 
period. 

On the whole there seemed to be 
a definite correlation between the 
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weather and the number of fish 
caught. Within a few days after a 
rain, fishing almost invariably im- 
proved. On the other hand, fishing 
almost always fell off when there was 
a dry period. The higher tempera- 
tures and the better fishing also cor- 
related fairly well. Fishing in most 
cases was better during the warm 
periods than it was during the colder 
weather. 

From the data and conclusions 
drawn from it, the theory stated 
earlier seems to be generally true. 
Although there were exceptions to 
the theory there were not so many as 
to dispute it. Our general conclusion 
then would be that fishing was bet- 
ter during the warm, wet weather 
and poorer during the cool, dry 
weather. 
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TASTE PERCEPTION—INDIVIDUAL REACTIONS 
TO DIFFERENT SUBSTANCES 


SAMUEL G. KAHN 
Illinois Wesleyan University, Bloomington 


There are four tastes common to 
man—bitter, sweet, sour, and salt 
(in order of sensitivity). The com- 
plex perception of taste involves 
odor, temperature, and touch. The 
various tastes are brought about by 
the many papillae which cover the 
tongue. Though there are four dif- 
ferent types of papillae on the hu- 
man tongue, only two, the fungiform 
and circumvallate papillae; are con- 
cerned with taste perception. These 
papillae possess, on their surfaces, 
taste buds, which, in turn, contain 
the fundamental cells for taste per- 
“eeption. It is impossible to distin- 
guish the different types of taste 
buds by appearance. Most of the 
taste buds are situated on the upper 
surface of the tongue. The center 
of the tongue is devoid of taste buds. 
The sweet taste is most easily sensed 
at the tip of the tongue, bitter at 
the back, sour at the edge, and salty 
both on the tip and the edge. It is 
believed that the papillae are not 
generally exclusively sensitive to one 
taste. There are approximately 9,000 
taste buds on the human tongue. 
There is no difference between men 
and women as to the number of taste 
buds, but the number of taste buds 
has been found to decrease with age. 
The sense of taste has a duration of 
from 0.0015 to 0.0040 seconds. The 
optimum temperature for taste is 
from 20° to 40° C. 


In the present series of experi- 
ments twenty-one persons were 
tested, all being members of the stu- 
dent body or faculty of Illinois Wes- 
leyan University. They ranged in 
age from nineteen to thirty-two. In 
the group tested there were four 
women and seventeen men. Per- 
sonal habits, including the use of 
tobacco and alcohol, and to what 
extent they are used, were recorded 
for possible correlation with the in- 
dividual’s perception. Place of resi- 
dence was also recorded. 

The following general procedure 
was used. The individual was told 
before starting the taste tests that 
there are four principal tastes: bit- 
ter, sweet, sour, and salty. He was 
also told that the solutions he was 
about to taste might possess any one 
of these tastes or that the solution 
might be insipid. It was made clear 
to the subject that by insipid we 
meant the taste of distilled water. 
(Although they knew that all sub- 
stances possess some taste or impart 
some feeling when tasted, the testers 
called the taste of distilled water 
‘‘no taste’’.) All subjects were 
asked if they knew and if they had 
ever experienced the taste of dis- 
tilled water. If their answer was 
negative or in doubt they were given 
distilled water to taste. All subjects 


1R. W. Moncrieff, The Chemical Senses: John 
Wiley and Sons, Inc., 1946. 
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were told that there was a possibility 
that some solutions might be distilled 
water. This was done so as to elimi- 
nate any possible guessing on the 
part of the taster. In reality, how- 
ever, all solutions given in the tests 
contained substances, of one kind or 
another. 

The first series of solutions which 
the subject was asked to sample con- 
sisted of varying dilute concentra- 
tions of hydrochloric acid (HCl), 
after which the following series came 
in respective order: sucrose, sodium 
chloride (NaCl), saccharine, and 
quinine sulfate. Following the solu- 
tions three types of crystalline sub- 
stances were tasted. They were: di- 
phenyl-guanidine, thiourea, and di- 
ortho-tolyl-guanidine. Separate five 
mililiter beakers were used for each 
series of solutions tested. The sub- 
ject was never told what the solu- 
tions contained or whether the solu- 
tion was supposed to possess a cer- 
tain taste or not. It was left to the 
tester’s discretion whether to give 
a solution once, twice, or not at all. 
It was believed that if the subject 
was able to distinguish the respec- 
tive taste in two or three consecutive 
solutions in a series, further test 
solutions in that series would not 
have to be given. After each series 
the subject was asked to wash out his 
mouth with water. If a taste per- 
sisted after one concentration in a 
series was given the subject was 
asked to wash his mouth out until 
that taste sensation disappeared ; 
then the next concentration in that 
series was given. When testing the 
solids, the subject was asked to place 
but a few crystals on his tongue. In 
both the crystalline and the solution 
tests all subjects were instructed to 
allow the solutions or solid to come 
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in contact with the tongue’s entire 
surface. 

The experimenter realizes that 
there are errors of method in the 
procedure outlined. Some of these 
errors are correctable and some are 
not. There was an attempt by the 
experimenter to keep possible errors 
down to the minimum. 


The possibility of excessive stimu- 
lation from the preceding concentra- 
tion of solution in each series was 
considered negligible, since it was 
the policy of the tester never to give 
a more concentrated solution before 
a less concentrated solution in a spe- 
cific series. A solution in a given 
series was half the concentration of 
a succeeding more concentrated solu- 
tion except in the case of quinine 
sulfate, in which the most concen- 
trated solution was four times the 
concentration of the preceding solu- 
tion. 


A subject was submitted to all 
the taste-test series at one sitting. 
It was most regretable that this part 
of the procedure was carried out as 
such, but the experimenter was 
pressed for time, and the subject’s 
time was not always available to the 
tester. Still, an attempt was made in 
which the solutions were staggered, 
so as to have differential tastes fol- 
lowing one another. The system used 
was as follows: sour, sweet, salt, 
sweet, and bitter. In reference to 
the solids, since all were bitter in 
taste, no system of staggering could 
be used. After one solid was tasted 
by the subject a short space of time 
was permitted to elapse before the 
next crystals were tasted. It was 
found that the taste experienced 
from each solid was strong enough 
to give definite positive results. 





Taste Perception 


Subjects were usually tested dur- 
ing mid-morning or afternoon. No 
test was given to a person who had 
just previously smoked, chewed gum, 
or had anything to eat. 

The one factor which the experi- 

‘ment rested heavily upon was the hu- 
man element. All taste experiences 
and descriptions of such rested with 
the subject. It became apparent to 
the tester that several subjects were 
not fully familiar with the four fun- 
damental tastes. These subjects were 
asked to describe the test solutions 
with respect to any other substances 
that they may have previously ex- 
perienced. The errors which may 
have been incurred by the human 
factor seemed unavoidable. 


There were eight substances used 
in the tests, five in solution and 
three in crystalline form. A stock 
solution was made for each series 
of solutions to be tested. These stock 
solutions were the most concentrated 
* solutions for each series. From éach 
stock solution was derived succeed- 
ingly more dilute solutions. A dilu- 
tion factor of two was used, except 
in the instance of quinine sulfate, 
which had a dilution factor of four. 
All solutions were made with dis- 
tilled water. For the sour taste, solu- 
tions of 1:400, 1:800, and 1:1600 
HCl were used. In the salt taste, 
solutions of 1:200, 1:400, and 1:800 
NaCl were used. Bitterness was pre- 
sented in solutions of 1:5M, 1:20M, 
1:40M, 1:160M, and 1:640M quinine 
sulfate. Two series of solutions were 
used to test the sweet perception. 
Saccharine was used in 1:20M, 
1:40M, 1:80M, and 1:160M_ solu- 
tions, and sucrose was used in 1:40, 
1:80, 1:160, 1:320, and 1:640 solu- 
tions. (Note: M is equivalent to the 
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multiple 1000.) The three solids 


tested were thiourea, diphenyl- 
guanidine, and di-ortho-tolyl-guani- 


dine (fig. 1). 
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Diorthotolyl - guanidine 
Fig. 1. 


The crystalline solids were served 
to the subject on white filter paper. 
The solutions were given to the sub- 
jects in 5 ml. beakers each contain- 
ing from 1 to 3 ml. of solution. All 
solutions were kept at room tempera- 
ture. The solutions were kept in 500 
m. Florence flasks labeled with code 
letters and numbers to eliminate any 
possible psychological effects that 
might be developed. 

Previous work has been done in 
the study of the solutions mentioned. 
As to the three solids used, work in 
regard to taste perception has been 
done on di-phenyl-guanidine by Sny- 
der & Davidson (1937), who found 
a 3:1 ratio of tasters to nontasters. 
In the present experiment the taste 
thresholds of different individuals, 
with respect to the solutions, are 
recorded in table 1. It was our de- 
sire to see if there were any non- 
tasters in the group, but all subjects 
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TABLE 1.—THRESHOLD CONCENTRATION OF INDIVIDUALS FoR 
Various SUBSTANCES 








Subject No. HCl 


NaCl 


Quinine 


sulfate Saccharine 





1:1600 
1:1600 
1:800 
1:1600 
71600 
1600 























1:640M 
1:320M 
1:320M 
1:160M 
1:320M 


1:800 1:160M 


1:800 1:160M 
1:400 1:160M 
1:160M 
1:160M 
1:830M 
1:830M 
1:20M 
1:80M 
1:160M 


1:160M 


1:800 
1:800 
1:400 1:40M 
1:800 1:830M 
1:5M 
1:40M 
1:20M 
1:320M 
1:320M 1:30M 
1:160M 
1:160M 
1:160M 
1:40M 
1:160M 
1:830M 
1:40M 
1:40M 
1:160M 


1:640M 
1:640M 
1:320M 
1:40M 
1:640M 
1:40M 
1:160M 
1:320M 
1:830M 


























were able to taste the three solids. 
One person had difficulty in initially 
being able to taste di-phenyl-guani- 
dine, but after a minute the subject 
was able to perceive the taste. 
Though all persons were able to 
taste thiourea, three out of the 


twenty-one tested claimed that it 
was sour and not bitter. All persons 
agreed that di-ortho-tolyl-guanidine 
was bitter. Some claimed it to be 
more bitter than di-phenyl-guani- 
dine. Possibly the two methyl groups 
could be the attributing factor. 





Taste Perception 
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#1600 1:800 1:400 























1:800 1:400 1:200 


Quinine Sulfate 


| a 


1:640M 1:320M 1: 160M 1:80M 1:40M 1:20M 1:10M 1:5M 
































Saccharine 























1:160M 1:80M 1:40M = 1:20M 





Sucrose 























:640 1:320 1:160 1:80 1:40 
Fie. 2.—Number of individuals in each threshhold concentration for each series 
of solutions. 
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TABLE 2.—TAsTE REaActTIONS OF INDIVIDUALS To HCl At Various 
CONCENTRATIONS 








Subiect No. 








Slightly astringent... 


Bitter 


Slightly astringent. . . 


Sour 


No taste Sweet 
Slightly sour Bitter 


Bitter Bitter 


Bitter-sweet........ Bitter-sweet.. .| Salty 


Bitter-sour. . .| Bitter 


Astringent 


No taste Sour 


Sour 














The tester considered a threshold 
point as the concentration at which 
the subject could differentiate some 
sort of a taste aside from distilled 
water. Occasionally the taste experi- 
enced at the threshold did not cor- 
respond to the taste usually associ- 
ated with the substance in solution. 
In most of these cases the subject 
would distinguish the true taste in 





stronger concentrations of the test 
solution. Occasionally, however, an- 
other taste differing from the famil- 
iar taste of the solution was report- 
ed. An example of this is subject 
No. 10, who experienced a bitter 
taste in all three of the HCl solu- 
tions. Subject No. 12 declared that 
the two diluted HCl solutions were 
bitter-sweet and that the concen- 


« 
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Taste Perception 


trated solution was salty.. The great- 
est discrepancy in taste description 
was found in the HCl series. The 
subjects were able to taste the sub- 
stance, but many claimed it to be 
other than sour at certain concentra- 
tions. Again, in the NaCl series 
there were a few instances of wrong 
identification of taste. Subject No. 
10 claimed that the 1:800 solution 
was sweetish and that the 1 :400 solu- 
tion was bitter. Subject No. 20 
stated that the 1:800 solution was 
sour. There was no disagreement in 
the tastes recorded for the bitter and 
sweet series of solutions. The bitter 
solutions were recognized quite dis- 
tinctly as bitter when perceived. 
Listed in table 2 are the reactions to 
the HCl series of solutions. The 
majority of individuals ~had diffi- 
culty with the sweet solutions. Sub- 
jects Nos. 6, 7, 8, 12, 18, 19, and 20 
did poorly in the series of sweet solu- 
tions. Subjects Nos. 3, 4, 10, 17, and 


" 21 did well in the saccharine series 


but poorly in the sucrose series. Sub- 
jects Nos. 6, 7, 8, 9, 10, 16, 18, and 
21 did poorly in the bitter series of 
solution. Subject No. 8 did the poor- 
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est. He was only able to taste the 
most concentrated solutions in the 
quinine sulfate, saccharine, and su- 
crose series, and could taste only the 
second most concentrated solutions 
in the NaCl and HCl series. Only 
two individuals, subjects Nos. 13 and 
14, were able to perceive all sub- 
stances in their most dilute solutions. 

It becomes apparent that individ- 
uals differ with regard to taste per- 
ception, as shown by threshold dif- 
ferences. Some persons differ as to 
the fundamental taste of a solution 
or solid. The sour and salty series 
of solutions are not perceived as well 
at low concentrations as are the 
sweet and bitter solutions. No safe 
correlation may be made between the 
ability to taste and the impairment 
of that ability through smoking. At 
present the only method of measur- 
ing the taste ability is subjective and 
therefore, unreliable. It has been the 
attempt of the experimenter to re- 
port what was considered the truest 
response, and it is believed that the 
individuals involved endeavored to 
do so. 
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AN ASTOMATOUS CILIATE FOUND IN THE BODY 
CAVITY OF A COPEPOD COLLECTED FROM 
LAKE MICHIGAN 


WILMA H. LEHMANN 
Mundelein College, Chicago 


This paper reports the discovery 
of a parasitic ciliate in various spe- 
cies of Diaptomus in the plankton 
of Lake Michigan. This parasite pre- 
sents the characteristics of the genus 
Perezella Cépéde, an astomatous cili- 
ate, three species of which were de- 
scribed by Cépéde in marine cope- 
pods belonging to the family Calani- 
dae. So far as we know, no repre- 
sentative of this genus has been 
found in fresh water copepods. 

The purpose of this work was to 
classify these parasitic infusorians 
and compare their characteristics 
with those of Perezella. Samples of 
plankton were collected approxi- 
mately once a week during 1950 and 
1951 for the purpose of studying 
planktonic organisms from the sur- 
face layer of Lake Michigan, near 
Mundelein College, Chicago. 

Planktonic samples obtained in 
this way were fixed with formalin. 
When the parasitized’ copepods were 
found, special fixatives were used in 
order to facilitate their study. The 
material was fixed with stronger 
formalin solutions, with Schaudinn 
fixative, acetic aleohol, and sublimate 
acetic solution. Then the material 
was stained with Delafield-Harris 
hematoxylin and with Heidenhain 
hematoxylin with subsequent differ- 
entiation by acid alcohol in the case 
of Delafield, and with the usual de- 
colorizing agents of Heidenhain’s 


method. After differentiation then, 
the body of Diaptomus becomes so 
transparent that all details of the 
structure of the parasites can be ob- 
served. Whole mounts of infected 
Diaptomus were cleared with cedar 
oil and oil of cloves. 

Only infusorians found in living 
specimens of Diaptomus were con- 
sidered as true parasites and used as 
material for this work. This pre- 
caution was necessary because fre- 
quently cases of false parasitism 
were found which consisted of an in- 
vasion of the dead bodies of various 
planktonic cladocerans and copepods 
by a Colpidium which acted as a 
seavenger. The latter infusorian is 
fairly common in the Chicago region 
of Lake Michigan, and on several oc- 
casions pure cultures of it were ob- 
tained from infected crustaceans. 

Before the finding of Perezella by 
Casimir Cépéde in collaboration with 
Alfred Giard, only the genera Ano- 
plophrya and Collinia among asto- 
matous infusorians was reported 
from crustaceans (Gammarus and 
Asellus). 

During a study of the plankton of 
the Straits of Dover, Cépéde and 
Hiard found two parasitic infuso- 
rians in the body cavity of the eope- 
pods of that region. One of these 
infusorians has a mouth and was 
named by Cépéde, Uronema rabaudi. 
The other one was astomatous and 
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was named Perezella pelagica. The 
second parasite was found in a cala- 
nid, Paracalanus parvus. 

Cépéde, in a monograph published 
in 1909 (1), reported the observation 
in Calanidae, a marine family of 
copepods. He described Perezella as 
a small infusorian with a maximum 
length of 48 microns. It is ovoid or 
elliptic in contour and has a regu- 
larly eurved body with a ventral 
concavity which is more pronounced 
in smaller individuals not filled with 
reserve food substances. The body 
is covered with cilia of the same 
length and density all over its sur- 
face. 

The ectoplasm is described as a 
thin layer under the pellicle and 
seems to be structureless. The endo- 
plasm is finely granular and con- 
tains reserve food inclusions such 
as droplets of fat and globules of 
different sizes, which, according to 
the iodine reaction, seem to be glyco- 
‘genic in nature. . 

The macronucleus is_ relatively 
small and ovoid, of a compact type, 
and uniformly filled with small chro- 
matin granules. The micronucleus, 
which is described by Cépéde as 
rarely seen, is small, spherical, and 
sometimes found at a considerable 
distance from the macronucleus. The 
infusorian possesses one contractile 
vacuole close to its posterior end. 
No cytostome or any kind of buccal 
structure was observed. 

Brief descriptions of the genus 
Perezella are also given by Doflein 
(3) and by Kudo (6). Both authors, 
however, simply give a resumé of 
Cépéde’s description. 

Our specimens are practically the 
same as Perezella pelagica as de- 
scribed by Cépéde. The parasitic in- 
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fusorians were found in the body 
cavity and in the tissues of Diapto- 
mus (Centropagidae Gnathostomata 
Copepoda). They not only invade 
the body proper, but also penetrate 
into the furea, the antennae, and the 
legs of the crustacean (figs. 1 & 2). 

The infusorian is ovoid in form 
with the anterior portion narrowed 
so that its greatest diameter is ap- 
proximately one-third of the way 
from the posterior end. The largest 
individuals, which are usually filled 
up with reserve food substances, be- 
come oval and sometimes almost 
spherical in shape. Their maximal 
length is smaller than the one indi- 
cated by Cépéde, being about 35 
microns, while the greatest diameter 
is from 20 to 25 microns. 

The smaller individuals have a 
typically curved body with a deep 
ventral concavity (fig. 3). The 
larger ones, like those described by 
Cépéde, do not show this character- 
istie (fig. 4). 

The infusorians penetrating to the 
very end of the furcal ramifications 
sometimes form on their posterior 
end protoplasmic elongations, deeply 
penetrating into the caudal spines 
of Diaptomus (fig. 5). 

As stated in Cépéde’s description, 
the ectoplasm is barely distinguish- 
able under the pellicle. The rest of 
the body is finely granular endo- 
plasm. The infusorians possess one 
contractile vacuole close to their 
rounded posterior end, sometimes 
placed slightly to one side (fig. 3). 

The endoplasm of the larger indi- 
viduals becomes filled with food in- 
clusions which can be shown by their 
reaction to Sudan III or Lugol’s 
solution to be of either a glycogenic 
or a fatty nature. In these individ- 
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PuatTe I. 


Numerous 


Fic. 1.—An infected specimen of Diaptomus drawn at low power. 
parasites can be observed, some penetrating into the antenna and the furca. 


Fic. 2.—A portion of the antenna containing three small specimens of 
Perezella. Objective Zeiss D., ocular 10 x . 


Fic. 3.—A typical small individual of Perezella showing a ventral concavity 
and a contractile vacuole in its posterior end. Zeiss 
immersion 1/12, ocular 10 x . 


Fia. 4.—A large individual of Perezella full of food reserve substances. 


Fic. 5.—A specimen of the parasite from the furca of Diaptomus showing the 
protoplasmic elongations (attaching organellae) which were introduced 
into the spines of the furca. Immersion 1/12, ocular 10 x. 


Fic. 6.—A cyst of Perezella showing characteristic sculpturing of the membrane. 





eee. ae oe 





274 


uals the quantity of food substances 
becomes so large that it is impossible 
to see their nuclear apparatus either 
in vivo or in stained preparations. In 
smaller individuals, which contain 
only a limited number of food in- 
clusions or sometimes even are com- 
pletely devoid of them, the nuclear 
apparatus can easily be observed. 
The macronucleus, either ovoid or 
somewhat irregular in shape, seems 
to be in general smaller than that 
of Perezella pelagica. The micro- 
nucleus, small and spherical, can 
easily be distinguished from the food 
inclusions by its peculiar coloring, 
which is much deeper than that of 
the food inclusions, and of a differ- 
ent shade. In most cases it lies close 
to the macronucleus or even inside 
a deep depression in it. However, 
cases were observed in which the 


micronucleus lies far away from the 
macronucleus. Multiple micronuclei 
are rare, but in one occasion as many 
as three were observed. 

We had no opportunity to observe 
the reproduction of these parasitic 
infusorians or how they are trans- 


mitted. However, in one occasion 
cysts were observed (fig. 6). These 
are almost spherical in shape and 
present a typical sculpturing of the 
membrane which is not described by 
Cépéde for the eysts of Perezella 
pelagica. It seems probable that such 
cysts are liberated from the body of 
Diaptomus after its death and then 
swallowed by other copepods. The 
infusorians probably come out of 
their cysts in the digestive tract, 
later making their way into the body 
cavity. However, further study of 
the life cycle of the parasite is neces- 
sary. 

In conclusion, the above described 
infusorian is morphologically almost 
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identical with Perezella pelagica 
Cépéde with the following differ- 
ences : its size; capacity to form pro- 
toplasmic elongations (attaching or- 
ganellae) already described for the 
infusorians of the families Hapto- 
phryidae and Intoshellinidae, also 
astomates, but never before found in 
representatives of the Anoplophryi- 
dae; the peculiar seulpturing of the 
eysts; and above all, the habitat of 
its host. The latter, parasitized by 
Perezella pelagica, are different gen- 
era of marine copepods, Calanidae, 
while the host of the above described 
species of Perezella is a species of 
fresh water copepod, Diaptomus. 
This last cireumstanee was consid- 
ered sufficient to term the Perezella 
here mentioned a different species. 
Description and dimensions: an 
astomatous ciliate measuring from 
24 to 37 microns in length and 20 to 
25 microns in diameter; ovoid or el- 
liptic in shape; ventral depression in“ 
small individuals; uniform covering 
of body with cilia; devoid of mouth; 
very thin ectoplasmic layer ; one con- 
tractile vacuole in posterior end of 
the body; one compact, oval macro- 
nucleus; one or rarely several mi- 
eronuclei; parasite of various spe- 
cies of Diaptomus. 
Type and paratype: are selected 
from hundreds of infusorians found 
in several heavily infected specimens 
of Diaptomus of the plankton of the 
Chicago region of Lake Michigan, 
the slides of which are deposited in 
the biological collections of Munde- 
lein College, Chicago, Illinois. 
Classification: 
Class: Ciliata, Perty, 1852, 
Order: Holotricha, Stein, 1867, 
Suborder: Astomata, Schewiakoff, 
1896, emend. Cépéde, 1907, 
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Family: Perezellidae, Cépéde, (in 
Anoplophryidae Cépéde, 1910), 
Genus: Perezella, Cépéde, 1910, 
Species: Perezella diaptomi, Leh- 
mann, 1951, new species, 
Synonym: none. 
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THE EFFICIENCY OF THE RESPIRATORY MECHANISM 
OF FUNDULUS MAJALIS 


WAYNE F. GFROERER 
Wheaton College, Wheaton 


Gills on the whole are rather poor 
structures for aerial respiration be- 
cause of their softness as reported 
by Krogh (1941). In air they col- 
lapse completely and present only a 
greatly reduced surface area. Krogh 
does, however, mention that certain 
animals in the tidal zone have rigid 
gills and states further that some 
fish genera can breathe in air as well 
as in water. 

The purpose of this project was 
to determine whether the drying of 
the gills of the killfish, Pundulus 
majalis, was the main factor which 
brought about death after it was re- 
moved from the water. These fish are 
used for bait in the Massachusetts 
area where they commonly are 
known as ‘‘chubs.’’ They are caught 
in brackish water near Lynn, Mas- 
sachusetts, and kept alive in fresh 
water by bait dealers. 

Throughout the tests, tap water 
free of calcium and magnesium salts 
was used. Actively swimming spe- 
cimens about 9 em. long were tested 
and it was assumed that the general 
body condition of all was the same. 
A basement room was chosen for the 
work and a temperature between 18° 
and 19° C. was maintained both for 
the water and for the atmosphere. 
Therefore the fish needed to make 
no temperature adjustment when go- 
ing from one to the other. The time 
of death was taken to be that time 
when no fin or body movement could 


be observed and when movement of 
the opercula, or gill covers, complete- 
ly ceased. 

For the first test, fish from the tub 
were lightly dried with a flannel 
cloth to remove excess moisture, 
gently wrapped with cotton muslin, 
the long ends of which were wrapped 
around small dry white pine boards 
so that the bare heads would pro- 
trude beyond the end of the wood. 
One half the specimens were 
wrapped with bands about 1 em. 
wide so that their bodies would 
readily dry, and the rest were 
wrapped with cloths covering thé 
entire body. Some of these latter 
were kept moist with water which 
had been boiled 20 minutes to re- 
move all the dissolved gases. The 
narrow bands were changed several 
times because they took up moisture. 
Periodically, the fish, wrapped both 
ways, were reversed to lie on their 
other sides. The cloth as it clung to 
their bodies considerably restricted 
the movements of the fish ; in no case 
did any fish wiggle out of the har- 
ness even though all were wrapped 
loosely. 

From the 14 selected fish, 4 were 
wrapped with the broad muslin and 
left to dry, 6 wrapped with broad 
muslin and kept moist, and 4 held 
in place with narrow bands. One fish 
from the group of 4 wrapped with 
the narrow bands and one from those 
kept wet made a pair. The heads of 
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one pair were dipped every 15 min- 
utes, another every 30 minutes, an- 
other every 45 minutes, and last, 
every hour. Into the oxygen-free 
water they were dipped head down 
and for several seconds were held 
with the branchiostegal valves at the 
posterior ends of the opercula under 
the water level. The time was long 
enough for the fish to make about 3 
or 4 respiratory movements. In every 
case, water was allowed to enter the 
gill chamber even though mechanical 
pressure was sometimes necessary to 
get the branchiostegal valves open. 

The results showed quite conclu- 
sively that moist gills are not the 
major factor determining the out-of- 
water life span and that a moist body 
is far more important. There was no 
apparent advantage for the fish 
dipped most frequently. Those 
dipped every 15 minutes lived 9.5 
hours, every 30 minutes lived 11.25 
hours, every 45 minutes lived 12 
hours, and every hour lived 9:25 
hours. 

In the confirmatory test checking 
these results two fish were suspended 
from clamps head down into water 
which just covered the head: and 
opercular area. The fish had been 
lightly dried with the flannel cloth, 
a small piece of muslin put around 
the tail, and the tail area secured 
in the clamp. In order to prevent 
water splashing up onto the fish, 
muslin with a small hole was put 
over the top of each glass and the 
fish was let through the hole. This 
test showed the effectiveness of the 
gills when they were under water 
even though the fishes’ bodies be- 
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came dry and stiff, for these lived 
almost three times as long as the wet 
gill, dry body specimens of the first 
test. 

In a third test one fish was left 
to dry completely while 2 others 
were kept in a water-saturated at- 
mosphere. Results, as far as they 
were carried out, confirmed the fig- 
ures of tests one and two. 

A practical application of this ex- 
periment might be the convenient 
packing of the ‘‘chubs’’ for mailing 
alive. It would be convenient for 
dealers and others if a light, easily 
wrapped package could be made up. 
As an experiment, 6 fish were wrap- 
ped in wet sterilized decayed leaves. 
The test was not a success, possibly 
because too much time elapsed be- 
tween the packing and unwrapping. 
It is estimated that a similar wrap- 
ping could be successful up to at 
least 15 hours. 


SUMMARY 


For lengthening the out-of-water 
longevity of Fundulus majalis, body 
moisture was proved to be the pre- 
potent factor over gill moisture. The 
tests involved keeping either or both 
the body and gills wet and timing the 


life span. The results may be of 
value to those packing live fish for 
transportation. 
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ANTISEPTIC PROPERTIES OF BIPHENOL DERIVATIVES 


DARWIN D. DAVIS ano ELBERT H. HADLEY 
Southern Illinois University, Carbondale 


Carbolic acid, or phenol, is well- 
known as the standard basis for most 
of our antiseptics and germicides. 
The literature includes reports of 
extensive research in the synthesis 
of almost every imaginable variation 
of phenolic compounds and of the 
tests in the determination of their 
phenol coefficients. Logically, the 
next step after phenol was the in- 
vestigation of compounds containing 
more than one hydroxy group, such 
as resorcinol and catechol; however, 
these compounds were found to be 
only slightly more effective than 
phenol. It was soon discovered that 
by placing an alkyl group on the 
ring the antiseptic properties of the 
compound were greatly increased. 
The preparation of a series of alkyl 
derivatives showed that the antisep- 
tic power increased steadily with the 
weight of the side chain until the 
n-hexyl group was reached, after 
which a sharp decline was noted. 
The chemical name for §8.T. 37 is 
n-hexyl resorcinol, an antiseptic 
which has a relatively high phenol 
coefficient, but which does not irri- 
tate the skin upon application. The 
unusually high phenol coefficients of 
certain chlorine substituted com- 
pounds indicate that the presence of 
the halogen greatly intensifies the 
antiseptic poteney of phenols. Klar- 
mann, Shternow, and Gates perform- 
ed a rather exhaustive search into the 
antiseptic possibilities of such com- 


pounds.t They prepared alkyl de- 
rivatives of both o- and p-chloro- 
phenol, varying the alkyl group from 
one to nine carbon atoms. It was 
found that the p-chlorophenol de- 
rivatives were more potent than the 
ortho isomer; n-nonyl p-chlorophe- 
nol has a phenol coefficient of 1750 
against the Staphylococcus aureus 
bacteria, whereas n-hexyl o-chloro- 
phenol has a maximum coefficient of 
714. They also found that the sub- 
stitution of a single n-alkyl group 
was more effective than a branched 
chain of the same molecular weight 
or a polyalkyl derivative of the’ 
same total weight. Blicke and Stock-» 
haus performed similar experi- 
ments on o-chlorophenol at about the 
same time.” 

By the mid 1930’s it was deduced 
that one of the integral necessities 
of a good antiseptic was a large 
molecule. This theory was applied 
in the preparation of alkyl and hy- 
droxy derivatives of diphenylme- 
thane. Moderate but not phenomen- 
al results were obtained. A charac- 
teristic example of this series is 
5-chloro-4-methyl-2-hydroxy diphen- 
ylmethane which exhibits a phenol 
coefficient of 380. In 1941 work was 
done on some derivatives of bi- 
phenyl, with the possible application 
as germicides as an objective. Mel- 


1 Klarmann, Shternow, and Gates, J. Am. Chem. 
Soc. 55, pp. 2576-89 (1933). 

2 Blicke and Stockhaus, J. Am. Pharm. Assoc. 22, 
pp. 1090-2 (1933). 
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TABLE 1.—DerIvVATIVES Or 2-Hyproxy BIPHENYL 
COEFFICIENTS 


PHENOL 


AND THEIR 








Compound 


Ustilago 
Panici 
Miliacei 


Penicillium 
Expansium 


Monilia 
Sitophyla 





2-hydroxy biphenyl 


ethyl-2-hydroxy biphenyl 
propyl-2-hydroxy biphenyl 
butyl-2-hydroxy biphenyl 
iso-amyl-2-hydroxy biphenyl 
dipropyl-2-hydroxy biphenyl 
chloro-2-hydroxy biphenyl 

ethyl chloro-2-hydroxy biphenyl 
propyl chloro-2-hydroxy biphenyl 
butyl chloro-2-hydroxy biphenyl 


iso-amyl chloro-2-hydroxy biphenyl 


111 14 























nhikov, Rokitskaya, and Becker pre- 
pared a series of alkyl and alkyl- 
chloro-derivatives of mono-hydroxy 
biphenyl.* The alkyl group was ex- 
tended to five carbon atoms. The 
phenol coefficients varied consider- 
ably with the size of the chain, the 
bacteria used, and whether or not 
chlorine was present, as is shown in 
table 1. They reported a phenol co- 
efficient of 25,400 for ethyl chloro- 
2-hydroxybiphenyl. These unsym- 
metrical compounds, however, do not 
exhibit a regular correlation of anti- 
septic potency and weight of side 
chain. 


Work is being carried on at South- 
ern Illinois University in the syn- 
thesis of a new series of compounds 
related to the ones in the forego- 


* Melnikov, Rokitskaya and Becker, Compt. Rend. 
31, p. 125 (1941). 


ing examples. There is good rea- 
son to believe that the application 
of the better principles of the 
other series to the biphenyl molecule 
would result in a very effective anti- 
septic. The proposed compound is 
the symmetrical dialkyl-dichloro- 
dihydroxy derivative of biphenyl. 
There is no reference in the litera- 
ture to this particular series of com- 
pounds, although the dialkyl deriva- 
tives and the dichloro-derivatives of 
biphenol have been produced sepa- 
rately. Stoughton, Baltzly, and 
Bass,* and Nara Boon-Long’ pre- 
pared the alkyl derivatives in 1934 
and 1948 respectively, and Cain® 
prepared the chloro derivatives. 
After the above series of derivatives 


*Stoughton, Baltzly, and Bass, J. Am. Chem. 
Soc. 56, p. 2007 (1934). 

5 Nara Boon-Long, J. Pharm. Assoc. Siam 1, No. 
4, pp. 5-18 (1948). 

® Cain, J. Chem. Soc. 85, p. 10 (1904). 
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2.—Alkylation by rearrangement of the ether or ester. 


is prepared, the effect of position of | shown in figure 1. In the first place, 


substituent groups will be studied. 

The first step in the synthesis of 
the series was the preparation of 
p, p’-dihydroxy biphenyl, or p, p’- 
biphenol. There are at least three 
alternatives in this preparation as 


it may be prepared by condensing 
two molecules of p-iodophenol with 
sodium; however, this reaction was 
discarded because of the possibility 
of obtaining too many different prod- 
ucts and the subsequent necessity of 
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Fic. 3.—Dialkyl dihydroxy biphenyl by the benzidene rearrangement. 


a complex purification procedure. 
Another possibility is the sulfona- 
tion of biphenyl’ and fusion with 
sodium hydroxide to obtain the 
hydroxy compound. This method 
was attempted, mainly to ascertain 
the ease by which the reaction could 
be carried out; however, it was 
abandoned for two reasons. First— 
because it was difficult to prevent the 
formation of poly-sulfonie acids, and 
second—because another much more 
direct method was discovered. The 
other method is by means of dia- 
zotization reactions. Benzidine is the 
starting material in this case. Ben- 
zidine was dissolved in hot 30% HCl 
and diluted to a large volume. The 
addition of con. H,SO, formed ben- 
zidine sulfate. Sodium nitrite was 
added, thus giving the benzidine-tet- 
razonium chloride. The tetrazonium 
salt was then hydrolyzed by the pas- 
sage of steam into the hot solution, 
thus precipitating out the p, p’-di- 
hydroxy biphenyl. The product was 
purified by recrystallization from 


" 1 Organic Reactions M1, p. 180 (1946). 


95% aleohol. Yields in excess of 
85% were obtained from this reae- 
tion.*® 


There are two methods of placing 
the alkyl groups on the rings after 
the dihydroxy compound has been 
prepared, as indicated in figure 2. 
The method first attempted was the 
rearrangement of the dialkyl ether 
of biphenyl. This reaction is analo- 
gous to the one reported by Hicken- 
bottom’ with respect to naphthols. 
The p, p’-dihydroxy bipheny! was al- 
lowed to react in a toluene solution 
with metallic sodium for several 
hours with constant agitation. The 
sodium salt thus obtained was re- 
fluxed for a few hours with two 
moles of the alkyl bromide, giving 
the di-ether as a product. The tem- 
perature of the boiling toluene is 
reported to be high enough to effect 
the rearrangement of the ether, but 
this was found not to be the case. 
No definite product could be sepa- 


* Beilstein VI: p. 992. 
° Hickenbottom, Reactions of organic compounds, 
2nd ed., p. 93. 
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rated which gave indications of be- 
ing the desired material, so work on 
this reaction was discontinued in 
favor of the second possibility. 

This method is essentially the 
Fries rearrangement of the esters 
of dihydroxy biphenyl. Dimolar 
quantities of acetyl chloride were 
mixed with p, p’-dihydroxy biphenyl 


in a reactor equipped with a CaCl.,. 


drying tube. A drop or two of 
sulfuric acid was added to hasten 
the reaction. Good yields of the puri- 
fied ester were obtained in this man- 
ner.’° Two variations of the rear- 
rangement were attempted. The 
method of Stoughton, Baltzly, and 
Bass, which involves the use of ni- 
trobenzene solvent, was first under- 
taken, but such great difficulty was 
encountered in the separation of the 
nitrobenzene and vacuum distillation 
of the product that an alternative 
method was used. 

According to Nara Boon-Long, 
the rearrangement may be carried 
out in a dry reaction, thus by- 
passing the vacuum distillation of 
the product. .A 2:1 mixture of the 
ester and anhydrous aluminum chlo- 
ride was mixed thoroughly in a flask 
equipped with a drying tube. The 
mixture was heated at 115-120° for 
about 30 minutes, at which time the 
reaction mixture should be orange 
to green colored. When this reaction 
was run with granular anhydrous 
AICl,, no results were obtained 
under temperatures of 140-150°; 
however, with the use of powdered 
AICI,, the specified results were ob- 
tained. The excess AICI, was then 
decomposed with water and the 
solid separated. At this point the 
product and the unreacted ester may 


1 Nara Boon-Long, J. Pharm. Assoc. Siam 1, 
No. 4, pp. 5-18 (1948). 
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theoretically be separated by means 
of alkali. Sodium hydroxide dis- 
solves the product by reacting with 
the regenerated OH groups and 
leaves the unreacted ester behind; 
however, after several attempts to 
complete this separation, it became 
apparent that most of the material 
which was obtained by the re- 
arrangement is actually for the most 
part the starting material, dihy- 
droxy biphenyl. Apparently the re- 
action takes the acetyl group off 
completely instead of rearranging it. 

The last step in the ester synthesis 
is the Clemmensen reduction of the 
ketone obtained by rearrangement. 
The method described by Nara Boon- 
Long" was used. The ketone was 
refluxed for about twenty hours in a 
mixture of zinc amalgam and con. 
HCl containing a little aleohol. The 
alcohol was distilled off and the 
product then extracted with petro- 
leum ether, from which it was also 
recrystallized. Using the material 
with the correct melting point from 
the rearrangement of the ester, no 
material was obtained which could 
be purified using the specified sol- 
vent. After spending a considerable 
length of time in attempting to make 
this synthesis work, it was decided 
to try a completely new approach to 
the problem. 

The method in use at the present 
time is essentially the coupling of 
two molecules of the necessary ben- 
zene derivatives by means of the 
preparation of a hydrazo compound 
and its subsequent rearrangement, 
as shown in figure 3. Ortho-nitro- 
toluene was mixed with 15% aqueous 
NaOH and alcohol and refluxed 
gently, while zine dust was added 


"a Boon-Long, loc. cit. 
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slowly, thus reducing the material 
to sym. di-o-tolyl hydrazine. Suffi- 
cient fifty per cent alcohol was then 
added just to dissolve the product 
when hot. The alcohol solution of 
the product was separated and 
cooled, giving the crystallized prod- 
uct.’ After the hydrazo compound 
is prepared, it is necessary to re- 
arrange it. This reaction is referred 
to as the benzidine rearrangement. 
It was stirred vigorously for about 
thirty minutes with 50% H,SO, at 
room temperature and then main- 
tained at 30-40° for a few hours. 
The mixture was then diluted with 
water, thus precipitating out the 
product. The product may be dis- 
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solved in dil. HCl and salted out 
with NaCl for purification."* The 
NH, groups were then diazotized 
and hydrolyzed to give the hydroxy 
compound. 

Work is being done at this time on 
the methyl derivatives. It is ap- 
parent that satisfactory results can 
be obtained from this reaction. No 
attempt has been made to prepare 
chloro derivatives but it is anticipat- 
ed that the chlorine may be substi- 
tuted on the benzene ring before 
coupling rather than on the biphenyl 
molecule itself. 


#2 Chao-Lun Tseng and Fu-Min Fam, Sci. Quant. 
Nat’l Univ. Peking 5, pp. 350-7 (1935). 

18 Lukashevich, Anilinokrasochnaya Prom. 4, pp. 
605-9 (1934). 
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MEMORIALS 


GEORGE ABRAM MILLER 
1863-1951 


George Abram Miller was born 
near Lynville, Pa., on July 31, 1863, 
and died at Urbana, IIl., on Febru- 
ary 10, 1951. He was elected to mem- 
bership in the Illinois State Acad- 
emy of Science in 1910, and he be- 
came a life member in 1918. 

He was twenty-four years old 
when he received his Bachelor of 
Arts degree from Muhlenburg Col- 
lege and thirty when he was granted 
the degree of Doctor of Philosophy 
by Cumberland University. He had 
found his way to scholarship and to 
mathematics apparently by his own 
efforts alone. He had taught school 
at seventeen to finance his prepara- 
tion for and attendance at college. 


His teachers had had knowledge 
only of very elementary mathe- 
matics. His graduate work was done 
by correspondence after he had be- 
gun to offer a comparable program 
as Professor of Mathematics at Eu- 
reka College. 

One year after receiving his Doc- 
tor of Philosophy Degree, in 1893, 
he went as an instructor to the Uni- 
versity of Michigan where his at- 
tention was directed to finite groups, 
which he studied and wrote about 
for the rest of his life. His first two 
publications, in 1894, were the result 
of the redetermination of the sub- 
stitution groups of degrees eight and 
nine; in each case he was successful 
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in work that two men with long ex- 
perience in the subject had not been 
able to do with complete success. 
In the same year he determined the 
1039 groups of degree ten. Thus in 
the first year of his study of the 
subject he established himself in the 
front rank. One of the men whose 
work he improved was Cayley, whose 
reputation is second only to New- 
ton’s among English mathemati- 
cians, and another was Jordan, one 
of the leading mathematicians of 
France. 

After two years at Michigan he 
spent two years in Europe, studying 
groups under Lie at Leipzig and 
Jordan at Paris. After his return 


he spent four years at Cornell, five 
years at Leland Stanford, and then 
nearly forty-five years at the Uni- 
versity of Illinois. He published up- 


ward of 820 papers in the scientific 
and mathematical journals of eleven 
countries. About 450 of these made 
‘direct and permanent contributions 
to the theory of finite groups and 
were written for specialists. His 
second interest was the history of 
mathematics; many of his papers 
were expositions of groups and 
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mathematics to non-mathematicians. 

He was a member of the leading 
mathematical societies of America, 
England, Germany, Spain, and In- 
dia; he belonged to the American 
Association for the Advancement of 
Science, the National Academy of 
Sciences, the American Academy of 
Arts and Sciences; he was accorded 
the honor of high office in several of 
these organizations. Muhlenburg 
College conferred on him the honor- 
ary degree of Doctor of Letters in 
1936. 


He believed that man’s highest 
calling was the exercise and develop- 
ment of his reason. He was interest- 
ed in all attempts to discover the 
secrets of the universe about us. He 
insisted on the accurate presentation 
of evidence rather than announce- 
ment of interesting results, for he 
was skeptical of opinions. In 1944, 
when he was eighty-one years old, 
he published ten papers, an accom- 
plishment respectable for many a 
man in his prime. His life was an 
example of successful devotion to 
worthy ideals. 


—H. R. BRAHANA 
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ETHEL POWER SCHOENBECK 
1891-1950 


Ethel Schoenbeck, enthusiastic 
and beloved Illinois naturalist and 
anthropologist, died in Peoria on 
May 28, 1950, aged 58 years. Born 
Ethel Power, daughter of Lawrence 
E. and Adrienne Piper Power, she 
lived in Chillicothe, Illinois, from 
her birth on June 8, 1891, until her 
marriage on June 10, 1913, to George 
Schoenbeck. She was the mother of 
two sons, Richard and Frederick. 
Through the years she contributed 
to Peoria newspapers many articles 
on plants and birds. 

Mrs. Schoenbeck’s earliest scien- 
tific interest was in plants. She was 
the founder and for nearly 15 years 
the president of the Ernest H. Wil- 
son Plant Study Club. In 1937 she 
began to experiment with the hy- 
bridizing of iris. Having to give up 
this study because of an allergy, she 
gave her collection of more than 200 
varieties to the Mayo General Hos- 
pital in Galesburg and undertook 
similar work with Hemerocallis, the 
daylily. Her garden became known 
far and wide and attracted countless 
visitors. ' 

In 1934 Mrs. Schoenbeck and her 
husband began their archaeological 
studies, and it was in this field that 
she made her most lasting and im- 
portant contributions. Working at 
about 35 sites in the Peoria region, 
she and her husband gathered an 
outstanding collection of prehistoric 
Hopewellian and Woodland Indian 
pottery and artifacts, including 
numerous copper axes and a signifi- 
eant carved and incised stone head. 


Mrs. Schoenbeck was for many 
years an active, influential member 
of the Peoria Academy of Science 
and served as its president in 1948. 
She was for 14 years a member of 
the Illinois State Academy of Sci- 
ence and contributed numerous 
papers to the Anthropology Section 
programs. At the time of her death, 
she was the secretary of the Illinois 
State Archaeological Society. Short- 
ly before her death, she gave her 
collection of several thousand 
archaeological specimens to the IIli- 
nois State Museum. These specimens 
represent in an enduring way the 
contribution of a tireless and bril- 
liant woman to the study of the pre- 
historic Indian life of Illinois. 

—L. R. Tenon 
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ACADEMY BUSINESS 


SECRETARY’S REPORT OF THE BUSINESS OF THE 
ILLINOIS STATE ACADEMY OF SCIENCE FOR 
THE YEAR MAY 6, 1950 TO MAY 5, 1951 


Compiled by LELAND SHANOR, Secretary 


The 44th annual meeting of the Illi- 
nois State Academy of Science was held 
on the campus of Illinois Wesleyan Uni- 
versity, Bloomington, Ill., on May 4 and 
5, 1951. Three hundred and seventy- 
eight persons registered for the Acad- 
emy meeting, and over 490 registered 
for the meetings of the Junior Academy. 
There were 491 Junior Academy exhibits 
on display. The sectional program this 
year included 108 papers, and 522 indi- 
viduals attended these different section 
meetings. 


The general morning program on Fri- 
day, May 4, included the Presidential 
Address of Dr. Percival Robertson, who 
spoke on the subject “Beating the Red 
Queen, or Quam Celeriter Vadimus?” 
This address was followed by one pre- 
sented by Dr. Arthur C. Bevan, Principal 
Geologist of the State Geological Survey, 
who discussed “The Modern State Acad- 
emy of Science.” 


The annual banquet of the Academy 
was held on Friday evening in the 
Memorial Center. Dr. Louis B. Howard, 
Department of Food Technology, College 


of Agriculture, University of Illinois, 
presented the annual public lecture Fri- 
day evening, speaking on the subject 
“Man’s Prime Requisite—Food.” Dr. 
Howard's lecture this year was spon- 
sored by the Bloomington-Normal Sigma 
Xi Club. Immediately before the public 
lecture, Illinois winners in the 10th an- 
nual Science Talent Search Program 
were introduced. In all, 24 high school 
boys and girls from the state received 
recognition. One of our winners this 
year was awarded a Washington trip 
and the opportunity to compete for a 
National Award. 

The Junior Academy exhibits were ex- 
ceptionally fine this year and represent- 
ed only exhibits which had received 
first- or second-place awards at the re- 
gional science fairs in the state, a pro- 
gram which was initiated this year for 
the first time. Because of the number of 
winners it will be necessary in follow- 
ing years to limit exhibits at the Acad- 
emy meeting to only those receiving 
first-place awards at the regional fairs. 
The program of the Junior Academy 
this year has been a very vigorous one. 
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COUNCIL MEETINGS 


The Council held four meetings during 
the past year. The first meeting of the 
Council followed the Council breakfast 
on Saturday morning, May 6, 1950, and 
was held in the Illinois Room, Fort Arm- 
strong Hotel, Rock Island. At this meet- 
ing the Council accepted the invitation 
of Illinois Wesleyan University to meet 
on its campus to join with the Univer- 
sity in initiating its second century as 
an educational institution. Dr. Wayne 
W. Wantland was elected Second Vice- 
President to be in charge of local ar- 
rangements. 

The second meeting of the Council was 
held on November 4, 1950, in the Cen- 
tennial Building, Springfield, with Dr. 
Percival Robertson presiding. Prelimi- 
nary plans for the annual meeting were 
presented by Dr. Wantland, and, in con- 
nection with this meeting, the Council 
voted to continue the 50c fee for regis- 
tration. The program of the Junior 
Academy for the year was outlined by 
Mr. Robert L. Smith, the General Chair- 
man of the Junior Academy, and the 
Council expressed its commendation of 
Mr. Smith for his activities. It was re- 
ported that state regional fairs could 
be initiated and that the Junior Acad- 
emy was going to hold such regional 
fairs and bring only first- and second- 
place winners to the Academy meeting 
in Bloomington. 

The Secretary presented an Academy 
seal for the Council’s consideration. 
Through the years the Academy has not 
had an official seal, and such is required 
on certain legal papers of the Academy. 
This seal was approved by the Council, 
and the Secretary was directed to have 
a die of the seal cast. President Robert- 
son presented to the Council a report 
prepared by Dr. G. D. Fuller on the sur- 
viving charter members of the Academy 
living at the time of the Rock Island 
meeting. The Council voted that Presi- 
dent Robertson should prepare a letter 
of congratulations and extend best 
wishes to these surviving charter mem- 
bers. 

At this meeting the status of future 
publication of the Transactions of the 
Illinois State Academy of Science was 
brought before the Council for its con- 
sideration. The Transactions have been 
published through cooperation with the 
Illinois State Museum since 1918, but 
it was discovered that a law authoriz- 
ing such cooperation had never been 
passed by the State Legislature and such 
action had never received approval in 
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the form of an amendment to the admin- 
istrative code to authorize this coopera- 
tion. The Council directed the Presi- 
dent of the Academy to explore the ways 
of making this arrangement legal and 
to take what action seemed necessary 
and report on progress at the next meet- 
ing of the Council. 

The third meeting of the Council was 
held in the Illini Union Building on 
the University of Illinois campus on 
January 13, 1951, with Dr. Robertson 
presiding. The Council reviewed the 
tentative program suggested by Dr. 
Wantland for the Bloomington meeting 
and approved the request of the Bloom- 
ington-Normal Sigma Xi Club to serve 
as sponsor of one of our principal 
speakers. Plans for the Junior Academy 
regional fairs were outlined by Mr. 
Robert L. Smith, the Chairman of the 
Junior Academy. The Council felt that 
the initiation of this program should be 
exceedingly beneficial in promoting the 
welfare of the Junior Academy. Dr. 
Harry J. Fuller reported as our repre- 
sentative to the Academy Conference of 
the American Association for the Ad- 
vancement of Science held in Cleveland 
in January, and pointed out that the 
Conference is attempting to work out 
ways in which it can be more useful to 
the various academies which it repre- 
sents. President Robertson of our Acad- 
emy served on the Academy Conference 
Committee appointed to draw up a con- 
stitution for the Academy Conference. 
The Council decided that a representa- 
tive to the Academy Conference should 
be a person who could serve over a 
period of several years, and probably 
should be someone in an area of science 
which was likely to continue meeting 
with A.A.A.S. rather than from an area 
which was likely to meet at the time 
of the American Institute of Biological 
Sciences meetings, which are held at 
another time. President Robertson re- 
ported that progress was being made 
in obtaining authorization for continu- 
ing publication of the Transactions in 
cooperation with the Museum. After 
looking into the various possibilities 
of legalizing this cooperative arrange- 
ment with the Museum, the best solution 
seemed an amendment to the adminis- 
trative code authorizing such coopera- 
tion. The Council commended President 
Robertson for his activities in behalf of 
the Transactions and urged him to pro- 
ceed with the attempt to get legislative 
approval of an amendment to the ad- 
ministrative code. 
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REPORT OF THE TREASURER 
For the Year May 1, 1950 to April 30, 1951 


Balance on hand April 30, 1950 


Dues: annual members 
Interest on Meyer real estate 


Interest from U. S. Savings Bonds, Series G 


Libraries 
Sales of Transactions 
Sales of reprints 


Research grant by the A.A.A.S. .......... 


Registration fees—Rock Island 


Cee ee eee eee eee eee 


$ 1,840.84 


$ 1,540.00 
10.50 

43.75 

8.00 

27.00 
120.85 
254.50 
151.00 


Junior Academy—Sustaining memberships 


Total Receipts 


2,595.60 
$ 4,436.44 


EXPENDITURES 


Speaker’s expenses—Annual meeting 
Council dinner & breakfast—Rock Island 
Local chairman’s expenses—Rock Island 
Council expenses during year 
Treasurer’s office expenses 

Secretary’s office expenses 

Librarian’s expenses 

Section Chairmen’s expenses ~. 

Science Talent Search expenses 
Conservation Council 

Corporation registration 

Secretary, honorarium 

, Editor, honorarium 

Research grants 

* Junior Academy 


1950, 1951 annual programs; folders; postage. . 


5 U. S. Savings Bonds, Series G 
Total Expenditures 


Balance in Commercial National Bank of Peoria 


$ 2,836.75 
$ 1,599.69 


$ 4,436.44 


STATEMENT OF RESOURCES, April 30, 1951 


Balance in Commercial National Bank of Peoria 
Certificate of interest for Meyer block leasehold 


United States Savings Bonds, Series G 


Total Resources 


REPORT OF THE COMMITTEE ON 
AUDITING 


To The Illinois State Academy 
of Science: 


Your committee on auditing respect- 
fully submits the following report: 

We have examined the records of the 
Treasurer, W. W. Grimm, for the year 
May 1, 1950 to April 30, 1951, and find 
them correct. The present financial 
status of the Academy is as follows: 


(Signed) 


..$ 1,599.69 
Value Unknown 
2,000.00 


$ 3,599.69 
W. W. GRIMM, Treasurer 


Cash on deposit with the Com- 
mercial National Bank of 
Peoria 
Series G, U.S. Savings Bonds, 
twenty (20) 
Meyer Block Leasehold Cer- 
tificate No. 15 (Value Unknown) 


$ 3599.69 
L. P. ELLIOTT, Chairman 
WILLIAM A. RYAN, JR. 
F. W. LUTTEY 


(Signed) 
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Dr. J. C. McGregor presented the sug- 
gestion to the Academy Council, by let- 
ter, that an annual award for outstand- 
ing service to science in the state be 
considered. The Section on Psychology 
and Education, at its meeting last May, 
suggested that the Council consider 
changing the name of the section to the 
Science Education Section. It was de- 
cided not to take any action without 
further study. A letter prepared by the 
President of the Kentucky Academy of 
Science directed to President Truman 
requesting establishment of more effec- 
tive utilization of scientists in a national 
emergency was read. The Council di- 
rected President Robertson to send a 
similar letter to be drawn up by a com- 
mittee consisting of the officers of the 
Academy, and sent to President Truman, 
our Illinois Senators and Representa- 
tives, and to the Director of Selective 
Service. 


The fourth Council meeting was held 
in the Bamboo Room, Hotel Rogers, 
Bloomington, on the evening of May 3, 
following the annual Council dinner. 
Dr. Percival Robertson presided. Re- 
ports by various members of the Acad- 
emy concerned with the preparations 
for the annual meeting and the program 
were presented to the Council. Mr. 
Robert L. Smith, Chairman of the Junior 
Academy, gave his report for Junior 
Academy activities and stated that even 
by restricting the exhibits at the annual 
meeting to first- and second-place win- 
ners at regional fairs, there were still 
too many to display and judge adequate- 
ly. He recommended that next year 
first-place winners only would bring ex- 
hibits from the regional fairs to the an- 
nual Academy meeting. Mr. Smith also 
presented to the Council the problem 
of not being able to enter Junior Acad- 
emy winners in the National Science 
Fair which is sponsoved by Science Serv- 
ice, unless sponsorship by a newspaper 
can be obtained. 


Dr. Frank Reed, Chairman of the Sci- 
ence Talent Search Committee, reported 
briefly on its activities and the results 
of this year’s Science Talent Search. 
His suggestion that some type of certifi- 
cate should be provided these winners 
was approved by the Council. The Coun- 
cil also approved the suggestion that a 
committee be appointed, as provided in 
the constitution, to supervise the activi- 
ties of the Junior Academy insofar as 
they are related to the Academy itself. 
The Council approved the recommenda- 
tion that for next year, and probably 
thereafter, the Academy should provide 
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certificates and a complimentary ticket 
to the Junior Academy banquet to all 
winners of the Science Talent Search 
Contest. 

President Robertson reported that a 
bill has been drawn up as an amendment 
to the administrative code authorizing 
publication of the Transactions through 
the State Museum, as has been done for 
many years, and that sponsorship for 
this amendment had been obtained. It 
still must be presented to the Legisla- 
ture and passed before publication of 
the Transactions for this year can be 
undertaken. 

The report of the committee which 
had been appointed to study the estab- 
lishment of a Science Service Award was 
presented. This committee was directed 
to draw up the conditions and require- 
ments under which awards would be 
given, and to present such a report to 
the incoming Council at a later date. 
Before the meeting adjourned, President 
Robertson presented to the Academy a 
gavel for the use of future presidents. 


REPORT OF THE COMMITTEE 
ON RESOLUTIONS 
Your Committee on Resolutions 
wishes to submit for your consideration 
the following resolutions: 


I. To ProMoTe LEGISLATION PERMITTING 

THE USE oF UNWANTED Docs AND 

Cats FOR MEDICAL RESEARCH 

Whereas: The progress of research on 
various human diseases requires experi- 
mental application of drugs and other 
medical procedures on experimental ani- 
mals to test their effects, and 

Whereas: there is a shortage of ex- 
perimental animals available for such 
experimentation, and 

Whereas: nearly 100,000 unwanted 
and unowned cats and dogs are annually 
killed in pounds and privately owned 
animal shelters, therefore, 

Be it resolved, that the members of 
the Illinois State Academy of Science at 
this 44th annual meeting May 4, 1951, 
express their approval of proposed legis- 
lation permitting the use of the unowned 
and unwanted animals for medical re- 
search carried on by responsible and 
authorized institutions and that this is 
intended to further protect privately 
owned pet animals, and 

Be it further resolved, that House Bill 
490, now before the State Legislature, 
embodies the principles of this resolu- 
tion and that copies of this resolution 
be sent by the secretary to all members 
of the Illinois legislature. 
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II. To Urge Support oF RESEARCH 
ON VERTEBRATE ANIMALS 


Whereas: the need for fundamental 
studies in such fields as physiology, 
anatomy, genetics, embryology, and ecol- 
ogy of vertebrate animals is basic to any 
effort, the objective of which is the pro- 
tection and preservation of vertebrate 
animals, and 

Whereas: studies of this nature are 
not being prosecuted extensively be- 
cause of lack of funds for this purpose, 
and 

Whereas: large sums of money are, 
and will continue to be, made available 
through the administration of the Wild- 
life Restoration Act and the Dingell- 
Johnson Act, which can be used for such 
studies; and funds are available as well 
from other sources, therefore, 

Be it resolved, that the Illinois State 
Academy of Science in its 44th annual 
meeting, May 4 and 5, 1951, respectfully 
requests all agencies having jurisdiction 
over funds for research on vertebrate 
animals, or funds which may be used for 
this purpose, to initiate, enlarge, or ex- 
tend fundamental studies of.broad and 
basic scope. 


Ill. Tue Use or Witp Lire REsovrces 
IN ILLINOIS 


Whereas: the present laws permitting 
the shooting of certain hawks and owls 
result in the protection of none since 
the several kinds are not readily dis- 
tinguished, and 

Whereas: other now unprotected spe- 
cies, such as the badger, which are near- 
ing extinction in the state could, along 
with the hawks and owls, exercise a sig- 
nificant control on the population of 
small rodents, and 

Whereas: many fish and some game 
species could be utilized to a greater 
extent than now without reducing their 
population, and 

Whereas: the aesthetic appreciation of 
our wildlife may be considered as rec- 
reation along with the sports of hunting 
and fishing, therefore, 

Be it resolved, that our conservation 
department urge the protection of all 
predatory birds except where they are 
observed doing damage and some pro- 
tection be extended to such species as 
the badger, and 

Be it further resolved, that those de- 
termining the regulations concerning 
the conservation of our wildlife re- 
sources be encouraged to expand and 
further apply the principle of their wise 
use, and 
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Be it further resolved, that copies of 
this resolution be transmitted to the 
officer of the State Federation of Sports- 
men’s Clubs and of the Izaak Walton 
League and to the director of the State 
Department of Conservation and other 
persons actively concerned with the de- 
termination of wild life policy. 


IV. CONSTRUCTION OF A STATE 
Museum BUILDING 


The Illinois Academy of Science again 
reaffirms its approval of the considera- 
tion of a State Museum Building and 
urges that as early action as possible 
be taken to consummate the plans as 
proposed by the Museum. 


V. To Honor THE EIGHT SURVIVING 
CHARTER MEMBERS OF THE 
ACADEMY 


Whereas: a group of the scientists of 
Illinois met to organize a state academy 
of science 44 years ago, and 

Whereas: this state academy of sci- 
ence has continued to encourage and 
promote scientific research in Illinois 
and to provide through its annual meet- 
ings an opportunity to present and dis- 
cuss the results of scientific studies and 
through its Transactions to preserve for 
posterity the records of these investiga- 
tions, and 

Whereas: it has been learned that 
eight of the charter members of the 
academy are still living, therefore, 

Be it resolved, that the members of 
the State Academy at its 44th annual 
meeting at Illinois Wesleyan University, 
Bloomington, May 4, 1951, express to the 
following eight persons its appreciation 
of the part which they, along with their 
scientific contemporaries, now deceased, 
played in promoting and establishing 
this important association of the scien- 
tists of Illinois. 

Dr. C. C. Adams, Director Emeritus, 
New York State Museum, Albany, 
New York. Aged 78 years. 

Geo. H. Bretnall, A.M., Professor Em- 
eritus of Botany, Sheperd College, 
Sheperdstown, W. Va. Aged 80 
years. 

Dr. John G. Coulter, retired. Indian- 
apolis, Indiana. Aged 71 years. 

Dr. Henry Crew, Professor Emeritus 
of Physics, Northwestern Univ., 
Evanston, Ill. Aged 92 years. 

Dr. Frank C. Gates, Professor of 
Botany, Kansas State College, Man- 
hattan, Kansas. Aged 64 years. 

Dr. H. A. Gleason, Curator, New York 
Botanic Garden, Bronx Park, New 
York. Aged 69 years. 
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Dr. Stella M. Hague, Asst. Professor 
Emerita of Botany, Univ. of Illinois. 
Aged 73 years. 

Dr. Edgar Jerome Townsend, Profes- 
sor Emeritus of Mathematics, Univ. 
of Illinois. Aged 87 years. 

And be it further resolved, that the 
Secretary be instructed to send copies 
of this resolution to these charter mem- 
bers. 


VI. In RECOGNITION OF THE EXPANDED 
PROGRAM OF THE JUNIOR ACADEMY 
OF SCIENCE 


Whereas: for the past 23 or more 
years the encouragement of scientific 
studies by high school students has been 
an integral part of the activity of the 
State Academy of Science through its 
Junior Academy, and 

Whereas: stimulus is provided high 
school students by the state-wide compe- 
tition of exhibits and projects developed 
by individual science students or groups 
at particular schools throughout the 
state, and 

Whereas: this service in the past has 
been of maximum usefulness to students 
in high schools geographically near the 
annual meeting place, and 

Whereas: the officers of the Junior 
Academy of Science, under the chair- 
manship of Robert L. Smith, have com- 
pleted the organization of six regional 
meetings of the Junior Academy well 
distributed throughout the state so that 
this year it has been possible for all 
active high school science students and 
clubs to have a part in a regional meet- 
ing and competition without requiring 
an unduly large amount of travel, there- 
fore, | 

Be it resolved, that the members of 
the State Academy of Science express 
their appreciation to Mr. Smith and his 
associates for their part in thus expand- 
ing the activities of the Junior Academy 
of Science, so that every year its bene- 
fit will be truly state-wide and that the 
Junior Academy be encouraged in its 
plan to organize, in 1952, a seventh re- 
gional meeting for the city of Chicago. 


VII. IN APPRECIATION OF ARRANGEMENTS 
MADE BY THOSE RESPONSIBLE FOR THE 
1951 ANNUAL MEETING AT ILLINOIS 
WESLEYAN UNIVERSITY, 
BLOOMINGTON 


Whereas: many persons residing in 
the communities of Bloomington and 
Normal have been of great service to the 
Illinois State Academy of Science for 
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the several ways in which they have 
made the many necessary arrangements 
for the 1951 annual meeting, therefore, 

Be it resolved, that the members of 
the Academy at their annual business 
meeting express their gratitude to all 
who have participated in any way in 
arranging this annual meeting, par- 
ticularly 

To President Merrill J. Holmes of 
Illinois Wesleyan University, who invit- 
ed the Academy to hold its meeting in 
Bloomington and made available the 
necessary facilities on the University 
campus. 

To Professor Wayne W. Wantland of 
Illinois Wesleyan University, chairman 
of the Committee on Local Arrange- 
ments, who has devoted much time dur- 
ing the past year in directing the pro- 
gram of activities necessary to plan a 
successful annual meeting. 

To Dr. Norman Goldsmith, Mr. Wil- 
liam Hetzer, Mr. Gustave Dinga, and 
Professor C. H. Long of Illinois Wes- 
leyan University, who served with Pro- 
fessor Wantland on the Committee on 
Local Arrangements. 

To Mr. Harold Moore and Miss Bertha 
Whitmore of Illinois State Normal Uni- 
versity, and Mr. E. W. Augspurger of 
Illinois Wesleyan University, who made 
the necessary plans for the meeting of 
the Junior Academy, and to officers of, 
the Bloomington Y.M.C.A. for making 
the swimming pool available to high” 
school students attending the Junior 
Academy meeting. 

To Mr. O. J. Eigsti, of Funk Brothers 
Seed Company, who planned the Satur- 
day visit to the Soy Bean Oil Processing 
Plant. 

To Dr. R. W. Gooding, of Illinois State 
Normal University, who arranged for a 
Saturday visit to the Bloomington and 
Normal Sanitary District. 

To Drs. F. W. Aldrich and C. W. 
Hudelson for organizing and conducting 
the archaeological field trip. 

To the State Natural History Survey, 
the Department of Forestry of the Uni- 
versity of Illinois, and the State Geo- 
logical Survey for conducting the Satur- 
day trips to Funks Forest and to geo- 
logical localities near Bloomington. 

To the sponsors of high school science 
clubs participating in the annual meet- 
ing for the unusually excellent caliber 
of the projects and exhibits. 

To the Department of Buildings and 
Grounds and to students in all the sci- 
ence departments at Illinois Wesleyan 
University for many arrangements 
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which contributed to the success of the 
meeting. 

To the Secretary of the Bloomington 
Association of Commerce for coopera- 
tion in housing and other arrangements 
for the convention. 

Be it further resolved, that the secre- 
tary be authorized to send copies of this 
resolution to the persons named who 
have been active in planning this highly 
successful meeting. 

(Signed ) 

HAROLD R. WANLESS, Chairman 
KENNETH DAMANN 


SISTER M. JOAN by Sister Emer- 


son and Sister Vincent 


REPORT OF THE NECROLOGY 
COMMITTEE 
Whereas: During the past year the 
Illinois State Academy of Science lost, 
by death, the members listed below: 


Dr. C. F. G. Brown 
Mrs. E. H. Ehrman 
W. Eimer Ekblaw (1949) 
Jesse M. Greenman 
Louis Gumbart 

Rev. John Koebele 
George Abram Miller 
G. Michael Schmeing 
Mrs. Ethel Schoenbeck 
Dr. Paul Thall 
Edward H. Waldo 


Be it resolved: (1) That the Academy 
express its grief over their passing, and 
(2) That it extends its sincere sympathy 
to their families, to whom the Secretary 
is directed to write letters indicating 
our sense of loss while we extend our 
sincere sympathy. 


A. GILBERT WRIGHT 
GEORGE D. FULLER 


(Signed) 


During the 1951 session of the Legislature, Bill 
No. 631 was passed authorizing the Illinois State 
Museum ‘‘to cooperate with the Illinois State Acad- 
emy of Science and to publish a suitable number 
of the results of the investigations and research in 
the field of natural science to the end that the 
same may be distributed to the interested public.”’ 





